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Executive  Summary 


This  interim  report  presents  the  results  of  an  in-depth  heat  trans- 
fer analysis  of  hot  and  cold  piping  systems  intended  for  placement  under- 
ground. The  planning  and  implementation  of  field  experiments  to  validate 
or  invalidate  the  analysis  given  is  currently  underway. 

The  analytic  approach  was  to  evaluate  the  use  of  steady-state  heat 
transfer  principles  and  then  to  extend  these  principles  to  include  trans- 
ient heat  transfer  effects  due  to  initial  cooling  or  heating  and  due  to 
changing  outdoor  temperatures.  Earth  temperature  and  changes  in  earth 
temperature  with  season  and  depth  were  identified  as  being  of  prime 
importance . 

Extensive  tables  and  graphs  for  use  by  engineers  for  estimation  and 
decision  were  developed  with  the  aid  of  the  NBS  computer  facilities. 
Listings  of  the  computer  programs  developed  are  included  together  with 
sample  problems  and  solutions.  The  results  allow  quantitative  estimates 
of  heat  transfer  of  insulated  and  uninsulated  buried  pipes  that  include 
a broad  range  of  the  variables  of  pipe  fluid  temperature,  depth,  pipe 
size,  insulation  thickness,  types  of  insulation,  thermal  properties  of 
soils,  and  the  temperatures  of  the  earth  surrounding  the  pipes. 

Especially  derived  for  this  report  were  equations  to  accommodate 
systems  of  several  pipes  at  different  temperatures  with  variable  spacing 
and  complex  relationships  involving  seasonal  effects. 

This  report  contains  the  means  for  predicting  the  thermal  perfor- 
mance of  underground  pipes  containing  chilled  water,  hot  fluids,  or  a 
combination  of  hot  and  cold  fluids.  Experimental  validation  is  needed. 
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1.  Introduction 


Underground  heat  distribution  systems  for  a complex  of  buildings 
have  been  widely  used  in  the  United  States  for  the  past  several  decades. 
Generally,  a heat  transfer  analysis  for  the  underground  pipe  network  is 
considered  less  important  than  other  technical  problems  such  as  the 
possibility  of  failure  of  the  piping  system  from  corrosion,  thermal  ex- 
pansion difficulties,  or  moisture  penetration  through  the  thermal  insu- 
lation. This  is  largely  because  many  of  the  underground  installations 
are  designed  to  distribute  steam  or  hot  water  and  the  pipes  are  purposely 
well  insulated.  Thus,  heat  loss  from  these  pipes  is  usually  small  when 
compared  with  the  total  heat  energy  being  transmitted  through  the  pipe 
providing  the  thermal  insulation  is  not  damaged  and  rendered  ineffective 
by  leaking  pipe  fluid  or  from  ground  moisture.  Thus,  main  emphasis  is 
placed  on  the  preservation  of  a dry  insulation  around  the  pipe,  corrosion 
protection  of  the  conduit  which  houses  the  piping  system  and  the  design 
of  the  piping  system  to  minimize  stress  caused  by  the  thermal  expansion 
and  contraction. 

Only  recently  underground  chilled  water  distribution  systems  began 
to  gain  popular  acceptance  for  district  cooling.  The  economic  consid- 
eration as  to  whether  the  chilled  water  pipes  should  be  insulated  or 


not  has  required  a careful  reevaluation  of  the  heat  transfer  problem 
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Some  underground  chilled  water  pipes  are  currently  installed  un- 
insulated allowing  a considerable  savings  in  capital  investment  especially 
for  a large  district  cooling  system.  The  uninsulated  chilled  water  system 
appears  justified  on  the  following  basis : 

a.  Ground  temperature  is  not  severely  affected  by  the 
presence  of  a deeply  buried  uninsulated  chilled 
water  pipe  and  soil  ecology  and  plant  life  are  not 
unduly  affected. 

b.  Heat  gain  from  the  surrounding  earth  to  large  size 
chilled  water  pipes  is  usually  a very  small  part  of 
the  total  refrigeration  load  and  increases  in  the 
temperature  of  the  chilled  water  being  circulated 
in  the  underground  piping  network  are  not  signifi- 
cant . 

Although  the  first  point  is  unquestionably  valid,  the  second  point 
may  not  be  as  valid  particularly  when  the  pipe  diameter  is  small,  long 
lengths  of  pipe  are  used  and  when  the  earth  surrounding  the  pipe  remains 
warm  and  conductive  for  long  periods  of  time. 

The  main  question,  therefore,  is  under  what  conditions  is  it  neces- 
sary to  insulate  underground  chilled  water  pipes?  If  insulation  becomes 
necessary  how  much  is  needed?  These  questions  are  the  concern  of  this 
report . 

This  report  presents  the  first  of  a two-phase  study.  The  first 
phase,  a technical  and  mathematical  analysis  for  underground  pipe  heat 
transfer  is  given  here  with  special  emphasis  on  the  periodic  nature  of 
the  ground  surface  temperature  and  the  cooling  effects  for  the  multiple 
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pipe  system  situations.  This  study  was  done  using  a computerized  simu- 
lation of  underground  pipe  systems  by  solving  governing  differential 
equations . 

The  second  phase  of  the  program  is  to  validate  or  invalidate  the 
mathematical  model  developed  in  the  first  phase  of  the  study  by  con- 
ducting field  measurements  on  an  actual  chilled  water  pipe  installation. 

2.  Theoretical  Background  for  Underground  Pipe  Heat  Transfer 

2/ 

Except  for  the  work  of  London-  , very  few  papers  have  been  published 
in  the  past  treating  the  realistic  conditions  applicable  to  the  analysis 
of  underground  pipe  heat  transfer.  Most  of  the  analytical  solutions 
readily  available  for  estimating  heat  transfer  to  and  from  underground 
pipes  are  either  steady-state  solutions  for  a pipe  at  shallow  depths 
or  several  transient  heat  conduction  solutions  for  a single  deep  under- 
ground pipe.  All  of  these  solutions  are  based  upon  the  assumption  that 
the  earth  surrounding  the  pipe  is  homogeneous } the  thermal  properties 
of  the  earth  are  constant  and  that  the  temperature  of  the  earth  at 
reasonable  distances  from  the  pipe  is  constant  and  unaffected  by  the 
existence  of  the  pipe. 

These  assumptions  are  unrealistic  because  thermal  properties  as 
well  as  earth  temperatures  change  with  respect  to  time  and  space.  This 
is  because  of  the  seasonal  change  of  the  earth  surface  temperature  and 
also  due  to  movement  of  the  soil  moisture  or  ground  water  around  the 
pipe. 
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Analytical  solutions  which  take  into  account  these  realistic  situa- 
tions are  extremely  difficult  to  obtain  and  are  not  expected  to  be  avail- 
able in  the  near  future.  Therefore,  the  approach  here  was  to  examine 
steady  heat  transfer  theories  in  the  light  of  transient  (inclusive  of 
periodic)  boundary  conditions  to  provide  approximate  but  reasonable 
solutions  for  many  practical  problems. 

2.1  Single  Shallow  Pipe  System  (Figure  1) 


The  solution  for  steady-state  heat  conduction  from  an  underground 

pipe  installed  horizontally  at  a finite  depth  in  homogeneous  soil  can  be 

3 4/ 

found  in  several  heat  transfer  texts^1-4"-"  . This  solution  is  based  upon 

the  potential  flow  theory  and  is  obtained  by  the  use  of  the  "mirror -image" 
3/ 

technique*”  . According  to  this  technique,  the  heat  loss  Q from  the  unit 


length  of  the  pipe  of  temperature  T to  the  undisturbed  ground  at  an 

P 

average  temperature  T can  be  expressed  in  consistent  units  as  follows: 

G 


2rrks  (Tp-T#) 

Mr 

where  kg  * thermal  conductivity  of  earth  surrounding  the  pipe 

d * depth  of  the  pipe  measured  from  the  ground  surface  to  the 

centerline  of  the  pipe 

r • external  radius  of  the  pipe  where  the  pipe  temperature  is  T 
£ " natural  logarithm 
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Another  form  of  the  above  equation,  usually  cited  is 


.2  TC  $,(TP-7^) 


(2) 


which  is  an  approximate  representation  of  equation  (1)  when  d/r  » 1,  or 
when  the  radius  of  the  pipe  is  sufficiently  smaller  than  the  depth. 

Equations  (1)  and  (2)  were  developed  for  the  outside  surface  tem- 
perature of  the  pipe  and  the  average  temperature  of  the  undisturbed  earth 
far  away  from  the  pipe. 

When  the  pipe  is  insulated,  a term  for  the  thermal  resistance  of  the 
insulation  layer  must  be  added  to  the  above  equations.  If  the  pipe  is 
uninsulated  and  the  pipe  material  has  the  high  thermal  resistance,  such 
as  non-metalic  pipes,  the  thermal  resistance  term  for  the  pipe  wall  should 
also  be  included  in  the  pipe  heat  transfer  equation  in  such  a way  that 


(3) 
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in  consistent  units  where 


K = pipe  heat  transfer  factor 
P 

T = pipe  fluid  temperature 
r 

T = undisturbed  average  earth  temperature  surrounding  the  pipe 
G 

r = inside  radius  of  the  pipe 
w 

r = external  radius  of  the  insulation 

t = thickness  of  the  pipe  insulation 

h = heat  transfer  coefficient  of  the  pipe  fluid 
w r f 

k = thermal  conductivity  of  the  earth  surrounding  the  pipe 

k = thermal  conductivity  of  the  pipe  wall 

w 

k = thermal  conductivity  of  the  pipe  insulation 
1 

In  the  above  expression  for  the  pipe  heat  transfer  factor,  K , it  is 

P 

customary  for  the  case  of  metallic  pipes  to  ignore  the  terms  involving 

h and  k because  of  their  very  small  numerical  value.  Even  for  the  non- 
w w 

metallic  pipes,  the  term  involving  h is  usually  neglected  unless  the 

w 

pipe  fluid  velocity  is  extremely  small. 

Since  equation  (3)  is  very  frequently  used  to  evaluate  the  effec- 
tiveness of  the  insulation,  the  values  of  K for  the  several  combinations 

P 

of  parameters  that  can  constitute  an  underground  metallic  pipe  system 
were  calculated,  indexed  and  tabulated  as  shown  in  Tables  SSHT-1  through 
120.  A listing  of  the  Fortran  program  used,  called  GSA,  is  given  in 
Appendix  A,  pp . 7-8.  These  tables  should  be  useful  for  a quick  approxi- 
mation of  the  insulation  effectiveness  under  a specified  condition. 

Sample  calculation  procedures  described  in  a later  section  illustrate 
the  use  of  these  tables.  For  the  preparation  of  these  tables  the 
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following  values  for  the  essential  parameters  were  selected  and  used 
: From  Figure  2 the  range  of  thermal  conductivity  values 

for  most  dry  and  moist  soils  can  be  obtained.  Values 
of  thermal  conductivity  selected  were  5,  7.5,  10,  12  or 
15  (Btu/hr,  ft^ , F/in.). 

k^.:  Thermal  conductivities  values  selected  were  .15,  .2, 

.25,  .3,  .35,  .4,  .65  and  1.0  (Btu/hr  ft*" , F/in.). 

This  range  of  values  covers  many  of  the  materials  that 
are  typical  for  underground  pipe  insulation  such  as 
expanded  polyurethane,  cellular  glass,  calcium  silicate, 
and  others  (see  Table  A). 

t:  Thicknesses  of  insulation  selected  for  underground 

metallic  pipes  were  0,  1,  1.5,  2,  2.5,  3,  4,  and  6 
inches . 

r:  Pipe  radii  for  the  uninsulated  metallic  pipes  were 

determined  from  the  nominal  pipe  sizes  of  3,  4,  5, 

6,  7,  8,  9,  10,  12,  14,  16,  13,  20,  24,  30,  36,  and 
42  inches. 

d:  The  common  depth  of  the  underground  pipes  are  con- 

sidered to  be  4,  6 and  8 ft. 

In  addition  to  a metallic  pipe  system,  separate  tables  SSHTP  1 
through  15  were  prepared  for  the  plastic  (f iberglas /epoxy ) , cement 
asbestos  (transite),  and  concrete  pipes. 
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These  types  of  nonmietallic  pipes  are  usually  used  for  a chilled 
water  distribution  system  without  additional  insulation.  Because  the 
walls  of  these  pipes  have  a large  thermal  resistance  as  compared  to 
metals  they  are  treated  as  special  cases  of  the  insulated  metallic 

pipe.  The  thermal  conductivity  used  for  the  calculation  of  the 

2 

f iberglas/epoxy  was  2,5,  Btu/hr,  ft  , F/in,  5,5  for  cement  asbestos 
and  12,0  for  reinforced  concrete  pipes. 

2.2  Multiple  Pipe  Systems  (Figure  3) 

The  foregoing  discussion  and  the  SSHT  and  SSHTP  tables  are  for  a 
single  isolated  underground  pipe.  In  practice,  several  pipes  may  be 
installed  in  the  same  vicinity.  Thus,  heat  transfer  around  each  pipe 
is  affected  by  the  presence  of  its  neighbor.  The  steady=state  heat 
transfer  for  a multiple  pipe  system  was  explored  in  detail  during  this 
study  and  is  presented  in  this  report  because  little  information  was 
available  from  reference  material.  The  multiple  pipe  system  considered 
in  this  section  is  shown  schematically  in  Figure  3.  The  undisturbed 
earth  temperature  is  designated  by  T whereas  the  earth  temperature 
at  any  point  (X,  ~Y)  in  the  region  of  pipe  heat  transfer  is  designated 
by  T. 
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By  denoting  the  exterior  radius  of  the  k-th  pipe  by  r.^3  the  heai 
transfer  surface  of  that  pipe  can  be  expressed  as 

(X-a*)2+  (Y+  4)*=  £ fsj 


Or  with  the  use  of  the  polar  coordinate  system 
)(  rr  (2^  4 tW*  6 

Y = f^Ctnd-  «/* 


y s 
{ o 


; 


where  0 is  the  angular  position  of  a point  on  the  heat  transfer  sux f a 
around  the  k-th  pipe  as  shown  in  Figure  3.  By  substituting  (6)  into 
(4),  the  surface  temperature  for  the  k-th  pipe  can  be  obtained  as  a 
function  of  0 as  follows: 


By  denoting  further  that 

h z _ + (dk-di) 
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The  difference  in  temperature  T“  T , due  to  M number  of  heat  sources 

G 

(or  sinks)  can  be  obtained  by  the  mirror  image  technique  employed  for  the 
single  pipe  problem  in  consistent  units  is  as  follows: 


f(x-  <u)V(Y- Jp*  £ 

(Y+Jc)'  J 


Cn-) 


where  = strength  of  the  i-th  heat  source  (if  plus)  or  sink  (if 
minus).  It  is  the  total  heat  loss  (if  plus)  or  heat 
gain  (if  minus)  of  the  i-th  pipe  per  unit  length. 

k = thermal  conductivity  of  earth  surrounding  all  the  pipes 
s 

a.  and  d.  = coordinates  of  the  center  of  the  i-th  pipe 
i i 

referring  to  an  arbitrary  origin  of  the 
coordinate  system  (X,  -Y).  If,  or  instance, 
the  coordinates  were  so  chosen  that  = 0 
and  the  origin  of  the  coordinates 

for  the  multiple  pipe  system  would  be  at  the 
ground  surface  above  the  centerline  of  the 
first  pipe. 
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equation  (7)  becomes 

M 

Co  / 

T*(0)-T<j  - ) 

i"  f 
Hit 

k. 

4-TZ-ki  j 

. A:*  - 2 Ol  H 

Jk  K f i - 4 ( 2A*)  l 

4-TC-fe,  1 K#,  l IQe  ) J 


The  average  surface  temperature  of  the  k-th  pipe  is,  therefore,  obtained 
by  integrating  equation  (9)  with  respect  to  © as  follows: 
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2TC 


L*  I 


On 

( 

(\o) 

{ r*-/ 

This  equation  is  consistent  with  the  approximate  solution  for  the 
case  of  the  single  pipe  heat  transfer  (equation  21)  if  M - 1. 
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Cl 


the  values  of  Q^,  can  now  be  obtained  as  a solution  of  the 

following  simultaneous  equations. 


0, 

VT» 

l 

?a» 

?»  • • 

! 

0. 

Ta-T^ 

if-TCfe. 

V 

« 

?MI 

f 

Rim 
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provided  that  the  values  of  T^,  T,;  . . . are  known. 

The  above  equations  are  for  bare  steel  pipe  systems  where  the 
average  exterior  pipe  surface  temperature  may  safely  be  approximated 
as  equal  to  the  pipe  fluid  temperature. 

When  the  system  includes  non-metallic  pipes  or  insulated  pipes, 
the  external  surface  temperatures  (pipe-earth  interface  temperatures) 
T^,  T£  . . . T^  must  be  calculated  first.  Assuming,  for  the  time  being, 
that  the  values  of  T^,  T2  . * » T are  known  as  wall  as  the  pipe  fluid 
temperatures,  T^,  •••  the  heat  transfer  from  the  pipes  Q^» 

Q2  . ..  Q are  then  calculated  by 


where  = is  the  heat  transfer  coefficient  for  the  k-th  pipe 

for  use  with  the  thermal  resistance  between  the  pipe 
fluid  and  the  external  radius  of  the  pipe  or  pipe  and 
insulation  where  it  interfaces  with  soil.  The  value 
of  may  be  calculated  by 
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in  equal  ion  (.*,),  and  k aro  the  thermal  conductivities  of  in- 

1,  K 111  , ft. 

sulation  and  wall  for  the  k-th  pipe  whereas  r . , and  r . are  the  ex- 

1,  k m , k 

i ernal  radii  of  the  insulation  and  the  wall,  respectively. 

The  svmho I h refers  to  the  heat  transfer  coefficient  between  the 
w 

pipe  fluid  and  the  pipe  wall.  The  value  of  h is  usually  very  high 

w 

unless  the  pipe  fluid  velocity  is  extremely  small  and  consequently  the 
last  term  of  equation  (14)  is  usually  neglected. 

By  substituting  equation  (13)  into  (12)  and  rearranging  the  terms 
dth  respect  to  the  pipe  average  surface  temperature  T^,  ...  T^,  the 

allowing  simultaneous  equations  can  be  derived 
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where 


Cfe  "Pc-k 

H-  TC-fei 


p*4  = I 

B,  » T« 


*t 


M 


4-TC^ 


t ^ 


-fe*  1 


The  solution  of  (15)  yields  a set  of  pipe-soil  interface  tempera- 
tures T^,  T2  ...  T^,  thus  permitting  the  calculation  of  pipe  heat  trans- 
fer by  equation  (13). 

When  equation  (15)  is  to  be  solved  for  the  multiple  pipe  system 
where  some  of  the  pipes  are  non-insulated  steel  pipes,  fictitious  in- 
sulation of  arbitrary  thickness  with  the  thermal  conductivity  identical 
to  the  surrounding  soil  may  be  assumed  for.  the  bare  pipes.  This  pro- 
cedure is  necessary  because  the  values  of  P|  ^ and  are  meaningless 
otherwise . 
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Computer  programs  have  been  developed  during  the  course  of  this 
study  to  implement  this  derivation  for  the  multiple  pipe  system.  The 
Fortran  listing  of  this  program  is  included  in  Appendix  A marked  MULT, 
pp . 11-13.  Since  the  number  of  combinations  to  include  the  varieties 
of  pipe  sizes,  types  of  insulation,  soil  characteristics,  pipe  tem- 
perature and  arrangement  of  multiple  pipes  are  enormous,  only  a limited 
number  of  sample  cases  were  so3.ved.  A sample  case  selected  is  illus- 
trated in  Figures  (4)  and  (5)  with  the  results  of  the  calculations 
given  in  Figure  5 to  show  relative  effect  between  heat  transfer  and 
distance  between  pipes.  The  values  in  parenthesis  indicate  percentage 
change  from  case  5 where  each  pipe  is  considered  to  be  a single  separat 
pipe  system. 

Appendix  B gives  the  analytical  development  for  transient  heat 
transfer  as  compared  with  the  foregoing  which  applies  to  steady-state 
heat  transfer. 

2.3  Pipes  in  an  Underground  Conduit  (Figure  6) 

When  a group  of  pipes  (some  insulated  and  others  non-insulated) 
are  installed  in  the  unvented  underground  conduit  such  as  illustrated 
in  Figure  3,  the  following  heat  balance  equation  in  consistent  units 
would  approximate  the  overall  heat  transfer  process 

X2ltY*  LV1ffTT*')=  K (Ta-  \)  0 

fe*  i 
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where  M 


= total  number  of  pipes  in  the  conduit 
r^  = outside  radius  of  insulated  or  non-insulated  pipes 
(k-th  pipe) 

= overall  heat  transfer  coefficient  of  the  k-th  pipe  cal- 
culated by  the  following  formula 

— l = a iv  /A . 

thermal  conductivity  of  the  insulation  around  the  k-th 
pipe 

thickness  of  the  insulation  around  the  k-th  pipe 
outside  surface  heat  transfer  coefficient  around  the 
pipe  (if  no  data  are  available,  it  may  be  approximated 
by  1.5  Btu/hr , ftZ,  °F) 
temperature  of  the  k-th  pipe 
air  temperature  in  the  conduit 

undisturbed  ground  temperature  surrounding  the  conduit 
overall  heat  transfer  factor  of  the  conduit  calculated  by 
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kg  = thermal  conductivity  of  earth  surrounding  the  conduit 

* / 

R = outside  radius  of  the  conduit" 


= effective  thermal  conductivity  of  the  conduit  wall 
t = thickness  of  the  conduit  wall 


d = depth  of  the  conduit,  distance  between  the  ground  surface 


and  the  center- line  of  the  conduit 


In  equation  (17)  and  (18)  the  thermal  resistances  across  the  walls 
of  the  metallic  pipe  and  metallic  conduit  were  neglected  from  the  for- 
mulas. If  the  metallic  pipe  or  conduit  is  uninsulated,  terms  such  as 


% J 


n 


fa 


J± 

r*-t 


or 


it}*  I R-t 


may  be  dropped.  For 


\ k x 

the  uninsulated  non-metallic  pipes  or  conduit,  the  wall  thickness,  and 

its  thermal  conductivity  value  should  be  retained  for  the  values  for 

t,  and  t and  k_.  and  k , respectively, 
k Ik  w r J 

Solving  for  T from  equation  (16)  and  rearranging  it,  the  heat 

ci 


transfer  from  k-th  pipe  in  the  conduit  can  be  obtained  as  follows 


V\ 


Q„  = 


T«k  = 


2TI 

kts+  Z2^ 



K ■+  2 2 it  IT* 

fr  H 


CrO 


(20) 


ic  j 

— If  the  conduit  is  square  in  cross  section  instead  of  circular, 
equivalent  radius  may  be  approximated  by  R = 0.56  W,  where  W is 
the  external  width  of  the  square  conduit-^' . 
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If  the  conduit  is  ventilated  and  the  ventilation  mass  flow  rate  is  known 


to  be  G,  Ib/hr,  equation  (20)  may  be  modified  to  yield 


Z 2-nr^U*  + 4 K 

L 


where  C = specific  heat  of  air 
P 

= the  ventilation  air  temperature 
L = total  vented  length  of  the  conduit 


Data  on  ventilation  rates  for  underground  conduits  is  extremely 

scarce.  Possible  natural  ventilation  (without  the  wind  effects)  for  a 

vented  underground  conduit  system  may  be  estimated  as  follows: 

The  theoretical  natural  draft,  chimney  effect,  for  an  underground 

9/ 

conduit  of  d ft  depth  may  be  calculated  by  — 

Af  = Os  52  ■ "Pe  • A - -=^  ) (22) 


where 


zip  = draft  in  inches  of  water 
P = atmospheric  pressure  in  psi 

D 

d = depth  of  the  conduit , in  ft 

Tq  = absolute  temperature  of  outdoor  air,  Rankin 

T = absolute  temperature  of  conduit  air,  Rankin 
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Also,  the  pressure  drop  of  ventilation  air  flowing  within  an  under- 


ground conduit  can  be  calculated  by 


where  = entrance  pressure  loss  coefficient 
C = exist  pressure  loss  coefficient 


o 


f = frictional  pressure  loss  coefficient 

L = length  of  the  pipe  between  two  consecutive  vents  along 
the  pipe,  f t . 

D = hydraulic  diameter  of  the  air  passage  within  the  conduit,  ft. 
V = velocity  of  the  air  flow,  ft/min. 

3 

p = density  of  the  air  within  the  conduit,  Ib/ft 


By  noting  that  the  net  ventilation  flow  G (lb/hr)  can  be  expressed  by 


conduit,  and  by  combining  equations  (22),  (23),  and  (24),  it  is  possible 
to  write 


where  A represents  the  cross  sectional  area  for  air  passage  within  the 
c 
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For  evaluation  of  G it  is  necessary  to  have  data  on  C , , C , and  f. 

i o 

Moreover,  equation  (21)  requires  calculation  of  the  value  of  T , conduit 

air  temperature  * Thus,  the  process  of  estimating  the  air  temperature  in 

a vented  conduit  requires  iterative  procedures  which  are  cumbersome  for 

manual  calculation.  Several  sample  calculations  were  done  for  this 

report  using  a computer  program  called  VENT.  The  Fortran  listing  for 

the  VENT  program  is  given  in  Appendix  A,  pp.  1.4-16.  Figure  21  shows 

conduit  air  temperature  plotted  against  the  loss  coefficient  C = C,  + C 

i o 

for  the  situation  as  shovm  in  Figure  21. 

2.4  Underground  Pipe  in  an  Insulated  Trench  (Figures  7 and  8) 

In  some  installations,  pipes  are  installed  in  a trench  and  an  in- 
sulating material  is  poured  over  and  around  the  pipes  as  illustrated  in 
Figures  7 and  8.  The  insulating  material  may  or  may  not  be  hardened 
after  the  insulation  is  covered  by  earth.  For  the  case  of  a single 
pipe  system  (Figure  7),  a square  region  insulated  in  the  trench  may  be 
treated  as  an  equivalent  annular  ring  of  exterior  radius  0.56  W and 
whereby  W denotes  the  exterior  width  of  the  insulated  region.  The  formu 
las  and  tables  discussed  in  Section  2.1  can  then  be  used  to  approximate 
the  pipe  heat  transfer.  For  the  case  shown  in  Figure  8,  or  the  multiple 
pipe  system,  the  computational  method  developed  in  Section  2 .2  can  be 
used  if  the  insulated  region  is  assumed  to  consist  of  two  equivalent 
annular  zones  such  as  shown  by  the  dotted  circles  in  Figure  8.  This 
assumption  can  be  expected  to  yield  erroneous  results  if  the  distance (s) 
between  the  pipes  is  very  small  as  compared  with  the  total  dimensions 
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of  the  insulated  zone.  The  precision  can  be  improved,  however,  in  the 
following  mariner.  Repeat  the  above  calculation  on  the  premise  that  unin- 
sulated pipes  are  buried  in  soil  whose  thermal  properties  are  equal  to 
those  of  the  insulating  material.  The  actual  pipe  heat  transfer  value 
should  lie  between  the  two  sets  of  values  thus  calculated. 

3 . Earth  Temperature  Data 

When  evaluating  underground  pipe  heat  transfer,  it  is  essential 
that  the  temperature  of  the  earth  surrounding  the  pipe  be  known. 

It  has  been  customary,  when  designing  a heating  pipe  system  to 
assume  that  the  earth  temperature  is  equal  to  the  well  water  temperature 
for  any  given  region  and  that  the  well  water  temperature  is  close  to 
the  annual  average  air  temperature.  This  concept  appears  reasonable 
as  long  as  the  annual  average  heat  transfer  from  the  heat  distribution 
system  is  what  is  desired  to  be  estimated.  Moreover,  well  water  tem- 
perature data,  such  as  that  compiled  by  Collins— are  readily  available 
for  many  localities  in  the  United  States.  If,  however,  the  maximum  heat 
loss  or  heat  gain  of  the  underground  pipes  are  desired,  the  well  water 
temperature,  which  is  the  annual  average  earth  temperature,  is  not 
adequate—^.  This  is  because  the  majority  of  the  underground  pipes  are 
installed  at  the  depth  less  than  10  ft  from  the  surface  where  the  season- 
al change  of  the  ambient  air  temperature  affects  the  heat  transfer  process. 
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7/ 

Penrod's  data—  shows,  for  instance,  at  a depth  of  10  ft  the  tem- 
perature of  the  earth  at  Lexington,  Kentucky  is  at  its  minimum  in  April, 
approximately  50  °F,  and,  is  at  its  maximum  in  October,  approximately 
65  °F.  Thus,  it  is  considered  to  be  impractical  to  evaluate  the  maxi- 
mum heat  gain  to  a chilled  water  pipe  which  was  buried  at  the  depth  of 
51  on  the  basis  of  the  well  water  temperature,  or  on  the  annual  average 
air  temperature,  which  in  this  particular  example  is  58  °F. 

According  to  reference  [6],  the  annual  earth  temperature  cycle, 

T,  of  a given  thermal  diffusivity  <y,  may  be  approximated  by  a simple 
harmonic  function  such  as 

J rc 

T=  A-  6 £ ”P  c« s (2^c-  4>  - 


where  y = 
P = 
t = 
A = 
B = 
0 = 


depth 

period  of  the  annual  cycle,  365  days 
time  in  days 

annual  average  earth  temperature  ~ well  water  temperature 
amplitude  of  the  earth  surface  temperature  cycle 
phase  angles  of  the  earth  temperature  cycle  relative 
to  a datum  point 


Reference  [6]  lists  the  values  of  A,  B and  0 for  various  earth 
temperature  stations  in  the  United  States. 
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The  thermal  diffusivity  appearing  in  equation  (22)  is  dependent  upon 
the  type  of  soil  and  its  moisture  content  as  shown,  for  example,  in  Fig- 
ure (9). 

The  average  earth  temperature,  T , as  used  in  previous  discussions 
can  be  evaluated  by  taking  the  integrated  average  of  equation  (22)  to 
the  depth  of  interest.  Since  the  center-line  depth  for  most  underground 
pipes  is  at  around  10  ft.,  the  integrated  average  temperature  for 
0 £ y £ 10  ft . were  obtained  for  many  places  in  tne  United  States  where 
the  earth  temperature  records  were  maintained.  The  results  of  this  in- 
tegration calculation  are  presented  in  Tables  TG-1  through  TG-11,  pp . 

5-26  for  Winter  (January  1),  Spring  (April  1),  Summer  (July  1)  and  Fall 
(October  1),  representing  the  seasonal  average  values.  Also,  indicated 
in  these  tables  are  the  annual  average  values  (year)  as  well  as  the 
eleven  values  of  thermal  diffusivity  used  for  the  calculations.  Refer- 
ence [6]  shows  that  the  majority  of  the  thermal  diffusivity  values  de- 
duced from  the  measured  earth  temperatures  in  the  United  States  are  in 

2 

the  neighborhood  of  0.025  ft  /hr.  It  is  recommended,  therefore,  that 
the  earth  temperature  table  for  o'  = 0.025,  TG-5 , be  used  for  the  first 
approximation  when  there  is  no  accurate  information  available  as  to  the 
nature  of  the  soil  surrounding  the  pipe. 
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4.  Numerical  Solution  (Finite  Difference  Solution)  to  Study  the 
Effect  of  Daily  Outdoor  Air  Temperature  Cycle  Upon  the 
Under ground  Pipe  Heat  Transfer 

The  foregoing  analyses  of  underground  pipe  heat  transfer  were  made 
with  the  assumption  that  the  temperature  at  the  earth’s  surface  was  con- 
stant with  respect  to  time.  Also,  the  effect’s  of  temperature  oscillations 
with  respect  to  the  depth  due  to  the  diurnal  cycle  were  neglected.  The 
inclusion  of  a periodic  temperature  condition  at  the  ground  surtace  above 
a pipe  which  is  buried  at  a relatively  shallow  depth,  makes  the  solution 
of  the  heat  transfer  equations  extremely  complex.  In  fact,  to  the 
authors'  knowledge,  no  mathematical  formula  for  such  a condition  has 
been  reported  in  the  literature. 

Numerical  solutions  of  the  finite  difference  heat  conduction  equa- 
tion were  obtained  for  this  report  for  cases  of  a single  chilled  water- 
pipe  of  diameter  2*  buried  at  the  depth  of  2*  and  3'  (from  the  surface 
to  the  center  line  of  the  pipe,  minimum  earth  cover  1*).  figure  10 
shows  the  scheme  of  the  finite  difference  grid  used  for  thin  analysis . 

The  listing  of  the  Fortran  computer  program  called,  PIPE,  ■ s given  in 

Appendix  A,  pp , 1-6*  The  earth  surrounding  the  pipe  was  assumed  to 

2 

have  a thermal  conductivity  of  0.75  Btu/hr,  ft  , °F/ft  anti  a thermal 

2 

diffusivity  of  0.025  ft  /hr . The  initial  undisturbed  earth  temperature 
condition  was  calculated  by  an  equation  similar  to  (26  > fur  Washington, 

D.  C.  summer  conditions. 

The  hottest  day  temperature  cycle  for  Washington  u C c.^a  rted  in 
reference  [6]  was  used  to  simulate  the  ground  surface  tsmperat.ui 
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In  order  to  be  reliable,  the  finite  difference  calculation  requires 
a large  number  of  grids,  or  a very  fine  grid  size  and  very  small  time 
steps,  all  of  which  increase  the  number  of  computations.  For  example, 
the  sample  calculations  mentioned  above  had  to  be  iterated  for  the  time 
step  of  0.02  hr  to  obtain  the  minimum  grid  size  of  0„1  ft.  The  computer 
time  required  to  perform  the  heat  transfer  calculation  for  a period  of 
more  than  a few  days  becomes  prohibitively  large.  However,  the  computer 
program  developed  for  this  analysis  is  available  for  any  other  condition 
if  a detailed  analysis  of  this  type  is  desired. 

The  necessarily  limited  analysis  made  during  this  study  reveals, 
however,  that  it  is  reasonable  to  ignore  the  effect  of  the  diurnal 
change  of  the  earth  surface  temperature  for  a chilled  water  underground 
pipe  installation  at  depths  of  3'  or  more. 

Consequently  the  steady  state  formula  developed  in  the  previous 
chapters  can  be  used  to  evaluate  most  ground  pipe  heat  transfer  problems 
as  long  as  the  seasonal  average  earth  temperature  around  the  pipes  is 
properly  evaluated. 


5.  Sample  Problems  and  Solutions 

This  section  presents  some  typical  heat  transfer  problems  and 
solutions  to  illustrate  the  use  of  the  formulas  and  tables  developed 
in  Section  2 . 
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oscillation  condition. 


For  this  calculation  it  was  assumed  that  at  time  zero  chilled  water 
at  40  °F  was  suddenly  put  through  the  2®  diameter  steel  pipe  which  had 
been  installed  at  the  depth  of  2®  and  had  assumed  an  equilibrium  tem- 
perature with  the  surrounding  earth.  The  earth  temperature  profiles 
for  elapsed  times  of  approximately  12,  18,  24,  48  and  72  hours  are 
shown  in  Figures  (11)  through  (15),  respectively.  The  numbers  and 
symbols  printed  on  these  figures  correspond  to  temperatures  as  follows: 
0,  40  F;  2,  50  F;  4,  60  F;  6,  70  F;  8,  80  F;  and  *,  90  F.  Figure  (16) 
shows  the  pipe  heat  gain  as  a function  of  time  and  clearly  indicates 
the  oscillating  nature  of  the  heat  gain  for  the  2’  depth  pipe  after 
the  effects  of  initial  cooling  have  been  absorbed.  The  same  figure 
also  shows  that  the  heat  transfer  for  the  31  depth  pipe  is,  however, 
relatively  unaffected  by  the  surface  temperature  oscillation.  This 
figure  also  shows  that  the  heat  gain  of  the  pipe  attains  eventually  a 
steady-state  or  steady  periodic  value,  the  average  of  which  is  closely 
approximated  by  the  single  pipe  heat  transfer  formula  introduced  in 
Section  2.1  if  the  average  earth  temperature  T is  assumed  to  be  the 
average  air  temperature  during  the  period  studied. 
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Problem  1 


Calculate  the  maximum  heat  gain  of  a chilled  water  pipe  (water 
temperature  45  °F)  installed  in  Tucson,  Arizona.  The  earth  around  this 
16"  diameter  bare  steel  pipe  is  sandy  clay  of  16%  moisture  content. 

The  minimum  earth  cover  over  the  pipe  is  36"  and  the  pipe  runs  2000  ft. 
Also  estimate  the  possible  reduction  of  heat  gain  if  4"  thick  expanded 
polyurethane  insulation  was  applied  around  the  same  pipe. 

Solution  1 

1.  From  Figure  2 the  thermal  conductivity  of  sandy  clay  soil  of  1670 

2 

moisture  content  is  k = .7  x 12  = 8.4  Btu  - in/hr,  ft  , °F. 

s 

2.  From  Figure  9,  the  thermal  diffusivity  of  the  same  soil  is 
0.02  ft^/hr. 

3.  The  maximum  earth  temperature  for  Tucson,  Arizona  for  a ~ 0.02 
is  Tp  = 80  °F  (Table  TG-4). 

G 

4.  Table  SSHT  25  may  be  used  if  K = 8.4  is  approximated  by  K =7.5 

s s 

and  depth  of  44"  (=  8"  + 36")  is  approximated  by  4'.  The  pipe 

heat  transfer  factor  K for  the  16"  pipe  is  1.585  Btu/hr,  ft  for 

P 

a bare  pipe  and  0.176  for  the  4"  insulation  of  k^  = 0.15  (expanded 
polyurethane). 

5.  The  maximum  heat  gain  of  the  bare  pipe  is 

Q = KP  * (TG  - TP)  * L = 

1.585  x (80  - 45)  x 2000  = 111,000  Btu/hr 
The  maximum  heat  gain  of  the  insulated  pipe  is 

0.176  x (80  - 45)  x 2000  = 12,300  Btu/hr 
The  reduction  of  heat  gain  by  the  insulation  is  98,700  Btu/hr. 
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Problem  2 (Figure  17) 

Evaluate  the  heat  gain  of  a double  pipe  system,  one  pipe  is  for  the 

supply  of  42  °F  chilled  water  and  another  is  for  the  return  of  57  °F 

water.  These  two  pipes  are  bare  steel  pipes  of  24"  diameter,  and  both 

are  installed  at  the  depth  of  72"  from  the  ground  surface  to  the  center- 

lines  of  the  pipes  and  separated  by  a distance  of  4'  on  center.  Assume 

that  the  average  undisturbed  earth  temperature  around  the  pipe  is  68  °F 

2 

and  the  thermal  conductivity  of  the  earth  is  5 Btu  - in/hr,  ft  , °F. 
Solution  2 

Setting  the  origin  of  the  coordinate  system  to  be  as  shown  in 
Figure  17,  the  constants  indicated  in  Formulas  (8)  and  (11)  can  be 
numerically  evaluated  as  follows: 


a,  = o , a3  - 4 

d i = d,  s-6 

r,  - r*  = i 
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The  pipe  heat  transfer  and  can  then  be  solved  from  the  following 
simultaneous  equation  (12) 


<?.  Q,  + o.^oQz  - -3V 

<?,  4¥o  Q,  ■+  a,  6?z  z - f 


The  solutions  to  these  equations  are 

Qt  = B4 "./hr,  ft 

Qt.  ~ 


If  these  two  pipes  are  separated  far  away  so  that  each  pipe  is 
considered  the  single  pipe  system,  would  have  been  -25.3  Btu/hr,  ft 
and  Q2  = "9.48  Btu/hr  ft.  It  is  interesting  to  observe  that  the  supply 
chilled  water  pipe,  42  F,  gains  more  heat  by  being  in  the  vicinity  of 
the  return  water  pipe,  57  F,  and  the  return  water  pipe  actually  loses 
heat  instead  of  gaining  it  from  the  warmer  earth. 

The  total  system  heat  gain  for  the  double  pipe  system  is,  however, 
23.76  Btu/hr,  ft,  much  less  than  34.76  Btu/hr,  ft  had  they  been 
separated  far  away  from  each  other. 

Thus,  there  is  a definite  advantage  by  installing  the  chilled  water 
lines  near  each  other.  The  advantage  will  be  offset,  however,  if  the 
two  pipes  are  too  close  together  because  then  the  supply  water  would  be 
warmed  up  too  much  before  it  reaches  its  destination  by  gaining  heat 
from  the  return  pipe. 
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Figure  17  also  includes  a table  showing  trie  effect  of  distance  on 

heat  transfer  rates  between  the  two  pipes  for  values  of  4*,  5s,  10*  and 

2 

infinity  and  earth  thermal  conductivities  of  10  and  5 Btu  in/hr , ft  , °F 

6.  Temperature  Profile  Around  Underground  Pipes 

Sometimes  more  important  than  the  heat  transfer  rates  of  an  under- 
ground pipe  system  is  the  temperature  in  the  earth  surrounding  the  pipes 
The  steady-state  temperature  of  the  earth  around  pipes  can  be  calculated 
by  equation  (4)  if  the  heat  transfer  value  of  the  same  equation  had 
been  obtained  from  equation  (22)  or  by  (13)  and  (14).,  Using  these 
equations  sample  calculations  were  done  to  illustrate  the  temperature 
profile  around  two  chilled  water  buried  pipes  as  shown  schematically 
in  Figure  17,  Cases  4 and  6.  The  temperature  profile  results  for  Case 
6 are  shown  in  Figures  18  and  20.  Figure  18  shows  a two-dimensional 
plot  of  the  isotherms  around  these  pipes.  Figure  20  shows  the  same 
temperature  distribution  profile  plotted  in  a three-dimensional  manner. 
Heights  on  the  peaks  represent  deviations  from  the  average  earth  tem- 
perature. The  higher  the  peak  the  lower  the  temperature  from  the 
average  ground  temperature.  This  type  of  representation  allows  a 
clearer  visualization  of  temperature  coupling  effect  as  compared  with 
the  conventional  two-dimensional  representation  as  shown  in  Figure  18. 
The  listing  of  the  Fortran  computer  program  for  Figure  20  is  given  in 
Appendix  A,  pp.  9-10,  and  is  called  PIP LOT . It  should  be  noted  that 
the  effect  of  the  chilled  water  pipes  is  felt,  as  illustrated,  for  a 
considerable  distance  away  from  the  pipes.  Figure  19  shows  a similar 

plot  for  Case  4,  Figure  17.  Similar  temperature  contours  can  be  ob- 
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tained  for  hot  water  or  steam  pipes  using  PIPIiDT. 


7.  Conclusions 

The  existing  engineering  methods  for  evaluating  heat  transfer  to 
and  from  underground  pipes  are  believed  to  be  improved  in  this  study 
and  were  computerized  for  rapid  calculation  in  the  following  respects 

1.  Seasonal  average  earth  temperature  data  (from  surface  to 
approximately  10  ft  depth)  for  underground  piping  distri- 
bution systems  were  developed  for  selected  stations  in  the 
United  States  and  for  selected  values  of  the  thermal 
diffusivity  of  earth  (type  and  moisture  content  of  soil). 
These  data  will  permit  the  accurate  appraisal  of  the 
maximum  heat  gain  of  chilled  water  systems  as  well  as 

the  maximum  heat  loss  of  the  hot  water  or  steam  pipes. 

2.  Calculation  methods  were  developed  for  approximating 
heat  transfer  of  multiple  pipe  systems  where  several 
pipes  of  different  temperatures,  insulations,  and  sizes 
are  installed  in  the  same  vicinity  in  such  a manner  that 
heat  transfer  of  each  pipe  is  affected  by  its  neighboring 
pipes . 

3.  Data  were  developed  for  evaluating  thermal  properties  of 
various  soils  according  to  their  types  and  moisture 
contents . 
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4.  Extensive  tables  were  developed  to  help  engineers  approximate 
the  effect  of  insulation  around  single  underground  pipes  with 
respect  to  their  depths,  sizes,  insulation  thicknesses,  types 
of  insulation,  thermal  property  of  soil  and  the  temperature 
of  the  earth  surrounding  the  pipes.  From  these  tables 
quantitative  estimates  can  be  produced  to  allow  decisions 
to  be  made  as  to  the  necessity  for  thermal  insulation  and, 
if  required,  the  amount  needed. 
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'able  A 


Illustrative  Thermal  Conductivities  for  Some  Pipe  Insulation  Materials 


Thermal  Conductivity,  k 
Btu/hr , ft2,  °F/ in . 

Insulating  Materials 

50  °F 

Temperature 
100  °F 

Level 
2 00  °F 

Cellular  Glass 

0.38 

0.42 

0.48 

Cork  Board 

0.27 

0.29 

Calcium  Silicate 

0.30 

0.32 

0.37 

Expanded  Polyurethane 

0.16 

0.18 

0.21 

Expanded  Polystyrene 

0.25 

0.26 

Mineral  Fiber 
(Rock,  slag,  or  glass) 

0.22 

0.24 

0.29 

Lightweight  Concrete 
(Perlite,  Vermiculite , 
etc . , 30  psf 

0.9 

Sawdust 

0.48 

Sand 

2.1 
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Tables  SSHT-1  through  SSHT-120  Heat  Transfer  Factors  for  a 
Single  Metallic  Pipe  System 

Tables  SSHTP-1  through  SSHTP-15  Heat  Transfer  Factors  for  a 
Single  Non-Metallic  Pipe  System 
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Index  for  Entering  SSHT  Tables  to  Establish 

the  KP  Value  for  Specific  Combinations  of  k . k and  d 

s i 


SSHT  Table  Numbers 


k * 5.0 

s 


dN^I 

.15 

.2 

.25 

.3 

.35 

.4 

.65 

1.0 

4 

1 

4 

7 

10 

13 

16 

19 

22 

6 

2 

5 

8 

11 

14  , 

17 

20 

23 

8 

3 

6 

9 

12 

15 

18 

21 

24 

k = 
s 

7.5 

Hi 

.15 

.2 

.25 

.3 

.35 

.4 

.65 

1.0 

4 

25 

28 

31 

34 

37 

40 

43 

46 

6 

26 

29 

32 

35 

38 

41 

44 

47 

8 

1 27 

30 

33 

36 

39 

42 

45 

48 

k = 

s ..  __ 

10.0 

Hi 

.15 

.2 

.25 

.3 

.35 

.4 

.65 

1.0 

4 

49 

52 

55 

58 

61 

64 

67 

70 

6 

50 

53 

56 

59 

62 

65 

68 

71 

8 

51 

54 

57 

60 

63 

66 

69 

72 

k = 
s 

12.5 

Hi 

.15 

.2 

.25 

.3 

.35 

.4 

.65 

1.0 

4 

73 

76 

79 

82 

85 

88 

91 

94 

6 

74 

77 

80 

83 

86 

89 

92 

95 

8 

75 

78 

81 

84 

87 

90 

93 

96 

k = 
. a 

15.0 

.15 

.2 

.25 

.3 

.35 

.4 

.65 

1.0 

4 

97 

100 

103 

106 

109 

112 

115 

118 

6 

98 

101 

104 

107 

110 

113 

116 

119 

8 

99 

102 

105 

108 

111 

114 

117 

120 
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Index  for  Entering  SSHTP  Tables  for  Non-Metallic  Pipe  to  Establish 

KP  Values  for  Specific  Combinations  of  k , k and  d 

s X 
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SSHTr  1 


DEFINITION  Q=KP*(TG-TP> 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  # FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPERATURE#  F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR » SO . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI  = ,150  BTU/HR#SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH=  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES # KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

od ( Inches ) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4,000 

6.000 

3 . 50 

.654 

.141 

.109 

.091 

.080 

,072 

.062 

.050 

4 ® SO 

.698 

.167 

.129 

.108 

.094 

.084 

,071 

.057 

5.56 

.739 

.194 

.150 

. 124 

.108 

.096 

.081 

.064 

6 « 62 

.778 

.220 

.170 

,140 

.122 

.108 

.090 

.071 

7 « 62 

.812 

.243 

.188 

.155 

. 134 

.119 

,099 

.077 

8 • 62 

.644 

.266 

,205 

.170 

. 146 

.130 

.108 

.084 

9.62 

.875 

.288 

.223 

. 184 

.159 

. 140 

.116 

.090 

10.75 

.909 

.312 

.242 

.200 

.172 

.152 

.126 

.097 

12.75 

.967 

.353 

.274 

.227 

. 195 

.173 

.142 

,108 

14.00 

1.002 

,378 

.295 

.244 

.210 

.185 

.152 

.116 

16.00 

1.057 

.417 

.326 

.270 

.232 

.205 

.168 

.127 

18.00 

1.110 

.454 

,357 

.296 

.255 

.225 

.184 

.139 

20.00 

1.163 

.491 

,387 

.322 

.277 

,244 

.200 

.150 

24.00 

1.269 

.563 

* 446 

.372 

.320 

.282 

.231 

.173 

30.00 

1.430 

.669 

.534 

.446 

.385 

.339 

.277 

.206 

36.00 

1.599 

.774 

.621 

.520 

.449 

.396 

.323 

.240 

42.00 

1.783 

• 882 

,709 

.595 

.514 

.454 

.370 

.274 
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SSHT- 
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DEFINITION  O-KP^  ( T 6-TP  ) 

^HERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  * FT  OF  PIPE 
KP=  PIPE  HEAT  transfer  factor 
BTU/HR  t F T OF  PIPE  » F 
T G-  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  temperature  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR * SO. Fl  , F/ IN 


thermal  conductivity  OF  INSULATION 


KI  = 

,150  BT>  J/HR  * 50  . FT  * F/  I N 

depth  of  pipe 

DPTH= 

6 » OFT • 

heat  transfer  factors  of  underground 

PIPES  * 

KP 

mat  •=» 

- - ~ -» “»■=»«-- 

- - 

PIPE  SIZE 

insulation 

THICKNESS 

( INCHES) 

. **Mn*  -*  «*  «*■ 

— »«• 

OD ( INCHES) 

. 000 

1.000  1 

.500  2.000 

2.500 

3.000 

4 . 0 0 0 

6 * 00  0 

5 . 50 

.594 

.138 

.107  .090 

.079 

.071 

. 061 

, 050 

'+.50 

.630 

« 163 

.127  .106 

.0^2 

.083 

.070 

,0  57 

5 • 56 

• 663 

.189 

.146  ,122 

.106 

.095 

.080 

. 064 

6 » 62 

.694 

.213 

,165  .137 

. 119 

. 1 06 

. 089 

. 0 70 

7 * 62 

.721 

.235 

,182  .152 

. 131 

.117 

.0  98 

.077 

6 • o2 

.746 

.255 

.199  ,165 

.143 

.127 

. 1 06 

. 083 

9 • 62 

.771 

,276 

.215  .179 

.155 

. 137 

. 1 14 

, 089 

10,75 

.797 

.297 

.233  .194 

. 167 

. 1 49 

* 1 23 

e 095 

12.75 

.840 

.335 

.263  .219 

.190 

.168 

. 1 39 

.107 

14.00 

,866 

.357 

.282  .235 

.203 

,180 

.148 

.114 

16  • 0 U 

.907 

.391 

.310  .259 

.224 

.199 

. 164 

.125 

18.00 

,946 

.424 

.338  .283 

.245 

.217 

, 1 79 

.136 

20.  OU 

,983 

.456 

.365  .306 

.265 

.235 

.193 

.14  7 

24.00 

1.057 

.517 

.417  .351 

.305 

.270 

.22? 

. 168 

50.00 

1 . 165 

.604 

.491  .416 

. 362 

.322 

, 265 

. ? Of) 

3b. 00 

1.269 

.687 

.563  .479 

,418 

,372 

.306 

.231 

42  . OU 

1.375 

.769 

.634  . 54 1 

,473 

.421 

. ,3  m 8 

• 2 6 1 

SSHT" 
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DEFINITION  Q=KP* (TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BlU/HR  t FT  OF  PIPE 
KP~  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  * F T OF  PIPEr  F 
TG-  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KSr  5*000  BTU/HR » SQ . FT * F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  ,150  8TU/HR»SQ.FT*F/IN 

DEPTH  OF  PIPE  DPTHr  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

C INCHES) 

0U( INCHES) 

.000 

i.ooo  i 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.557 

.136 

.106 

. 089 

.078 

.071 

.061 

.050 

4.50 

.589 

.160 

,125 

.105 

.092 

,082 

.070 

.056 

5.56 

.618 

.185 

a 1 44 

.120 

.105 

.094 

.079 

.063 

6.62 

,645 

.208 

. 162 

,135 

.118 

.105 

.088 

.070 

7 « 62 

.668 

.229 

. 179 

.149 

.129 

.115 

.097 

.076 

8.62 

.690 

.246 

. 195 

.162 

. 141 

. 125 

.105 

.082 

9.62 

.710 

.267 

.210 

.175 

. 152 

.135 

.113 

.088 

10.75 

.732 

.288 

.227 

. 190 

. 164 

. 146 

.121 

o 094 

12.75 

.769 

.323 

.256 

.214 

.186 

.165 

.137 

. 105 

14.00 

.791 

.343 

.273 

.229 

. 199 

.176 

.146 

.112 

16.00 

.824 

.375 

.300 

.252 

.219 

. 194 

. 161 

. 123 

18.00 

.656 

,405 

.326 

.274 

.238 

.212 

.175 

.134 

20.00 

.887 

.434 

* 350 

.296 

.258 

.229 

. 189 

. 144 

24.00 

.946 

.489 

.398 

.338 

.295 

.262 

.217 

. 165 

30 .00 

1.029 

• 566 

» 466 

.397 

.348 

.310 

,257 

. 195 

36.00 

1.110 

.638 

.529 

.454 

.399 

.357 

.296 

.225 

42.00 

1.190 

.707 

.591 

.509 

.449 

.402 

.334 

.254 

42 
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DEFINITION  G=KP*MT6~TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
K P=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE # F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR » SQ . FT , F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI  = ,200  BTU/HR, SQ.FT  , F/IN 

DEPTH  OF  PIPE  OPTH"  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000  1 

.500 

2,000 

2.500 

3.000 

4.000 

6.000 

3.50 

,654 

.176 

.139 

.117 

,103 

.094 

.060 

.066 

4,50 

.696 

,208 

.164 

.138 

.121 

.109 

,093 

. 075 

5.56 

.739 

.240 

.188 

.158 

. 1 38 

,124 

.105 

. 084 

6.62 

.778 

.270 

,21 2 

.178 

.155 

.139 

*117 

.093 

7.62 

,812 

.297 

.234 

.196 

.171 

» 153 

,128 

.101 

6 . 62 

.844 

.323 

.255 

.214 

.186 

e 166 

.139 

,109 

9.62 

.875 

.343 

.276 

.231 

.201 

.179 

.150 

.117 

10*75 

.909 

.375 

.298 

.250 

.217 

.194 

,161 

.126 

12.75 

.967 

.422 

,337 

,283 

.246 

.219 

.182 

. 141 

14.00 

1.002 

.450 

.360 

.303 

.263 

.234 

.195 

. 150 

16.00 

1.057 

.494 

.397 

.334 

.291 

.259 

.215 

.165 

13.00 

1.110 

• 536 

.432 

.365 

.318 

.283 

.234 

. 179 

20.00 

1.163 

.577 

.467 

,395 

.344 

.307 

.254 

.194 

24.00 

1,269 

.658 

.536 

.455 

.397 

,353 

.292 

.222 

30.00 

1.430 

.775 

.637 

.542 

.474 

.423 

.350 

.265 

36.00 

1.599 

.894 

.737 

.630 

.552 

.492 

.407 

.308 

42.00 

1.783 

1.015 

• 840 

.719 

.630 

.562 

.465 

.351 
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SSHT=  5 


definition  Q=KP*<?6-?P? 

WHERE  Q - HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR o FT  OF  PIPE#  F 
T 6-  AVERAGE  EARTH  TEMPERATURE  # F 
TP«  PIPE  TEMPERATURE  # F 

THERMAL  CONDUCTIVITY  OF  EARTH  5.000  BTU/HR # SO . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  ,200  BTU/HR# SQ.FT  »F/XN 

DEPTH  OF  PIPE  DP7H-  fe.OFT, 


HEAT  TRANSFER  factors  OF  underground  PIPES#  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES? 

OD (INCHES? 

.000 

1. 000  l 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.594 

e 1 72 

.136 

.115 

.102 

.092 

,079 

. 065 

4.50 

.630 

.202 

.159 

.135 

.119 

® 107 

.091 

.074 

5.56 

.663 

.231 

.183 

.154 

« 135 

,122 

,103 

.083 

6 o 62 

.694 

.259 

.206 

,173 

* 152 

.136 

.115 

.092 

7,62 

.721 

• 284 

.226 

» 190 

• 166 

,149 

.126 

.099 

8.62 

.746 

. 308 

.245 

,207 

.181 

,162 

.136 

.107 

9.62 

.771 

.330 

.264 

.223 

,195 

,174 

.146 

.115 

10,75 

.797 

,355 

,285 

.241 

.210 

.168 

.157 

.123 

12.75 

.840 

.396 

.320 

.271 

,237 

.212 

.177 

. 138 

14.00 

.866 

.421 

.341 

.289 

.253 

.226 

, 189 

. 146 

16.00 

,907 

.458 

» 373 

.318 

.276 

,249 

.208 

. 160 

18.00 

.946 

.494 

*405 

.345 

,303 

.271 

.226 

. 174 

20.00 

.983 

• 529 

.435 

.372 

.327 

,292 

.244 

. 188 

24.00 

1.057 

.595 

,494 

,424 

.373 

.334 

.279 

.215 

30.00 

1,163 

.689 

® 577 

.499 

® 440 

.395 

.331 

.254 

36.00 

1.269 

.779 

.658 

,571 

.505 

.455 

.381 

.292 

42.00 

1.375 

.868 

.736 

.641 

.570 

.513 

.431 

.331 
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6 


definition  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  t FT  OF  PIPE 
KPr  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  # FT  OF  PIPEr  F 
TO”  AVERAGE  EARTH  TEMPERATURE#  F 
TP“  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR * SQ . FT # F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K 1“  » 200  BTU/HR# SQ.FT  »F/IN 

DEPTH  OF  PIPE  DPTH-  ft, OFT. 


heat  transfer  factors  OF  UNDERGROUND  PIPES r KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

)D ( INCHES ) 

.000 

1.000  I 

.500 

2,000 

2,500 

3.000 

4.000 

6.000 

3.50 

.557 

.168 

.134 

.114 

.101 

.091 

.079 

.065 

4.50 

.509 

.197 

,157 

.133 

.117 

.106 

.090 

.073 

5.5b 

.618 

.226 

.179 

. 152 

.133 

.120 

.102 

.082 

6.62 

. 645 

.252 

,201 

.170 

. 149 

.134 

,114 

. 091 

7,62 

.660 

.275 

.220 

.186 

. 163 

.147 

. 124 

.098 

8.62 

.690 

.297 

.239 

.202 

,177 

.159 

.134 

.106 

9.62 

.710 

,319 

.257 

.218 

.191 

.171 

.144 

.113 

10.75 

.732 

.341 

.276 

.234 

.205 

.184 

.155 

. 121 

12.75 

.769 

,379 

.309 

.263 

,231 

.207 

.173 

.136 

14.00 

.791 

.402 

.329 

.280 

.246 

.221 

.185 

. 144 

16.00 

.824 

.436 

.359 

.307 

.270 

.242 

.203 

. 158 

18.00 

.856 

,469 

.387 

.333 

.293 

.263 

.220 

.171 

20.00 

,807 

.500 

.415 

.357 

.315 

.283 

.237 

. 184 

24.00 

.946 

. 558 

.468 

.405 

.358 

.322 

.271 

.210 

30.00 

1.029 

.640 

.542 

.472 

.420 

.379 

.319 

.247 

36.00 

1.110 

.716 

.612 

.536 

.478 

.432 

.365 

.283 

42.00 

1.190 

,789 

.679 

.597 

.535 

.485 

.410 

.318 
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DEFINITION  Q£KP*«T6~TP> 

WHERE  Q » HEAT  TRANSFER  TO  PIPE 

BTU/HR.FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE#  F 
T6r  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.G0Q  BTU/HR * SO . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KX~  ,250  BTU/HR  *SQ,FT»F/IN 

DEPTH  OF  PIPE  DPTHs  4. OFT. 


HEAT  transfer  factors  OF  underground  PIPES#  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

ODl INCHES) 

.000 

1.000  1 

.500 

2,000 

2,500 

3.000 

4,000 

6.000 

3.50 

,654 

,208 

,166 

.142 

.125 

.114 

.098 

.081 

4,50 

.698 

. 244 

,195 

.165 

.146 

.132 

.113 

.092 

5.56 

,739 

,279 

.223 

.189 

.167 

.150 

.128 

.103 

6,62 

.778 

.313 

,250 

.212 

.186 

.168 

.142 

.114 

7.62 

.812 

« 342 

.275 

.233 

.204 

.184 

.155 

.124 

8.62 

« 644 

.371 

,298 

.253 

.222 

.199 

,168 

. 133 

9.62 

.875 

,393 

.321 

.273 

,239 

.215 

.181 

. 143 

10.75 

.909 

.428 

.347 

.295 

.258 

.232 

. 195 

.153 

12.75 

.967 

,478 

.390 

,332 

.291 

0 261 

.219 

.171 

14.00 

1,002 

,508 

,416 

.355 

,311 

.279 

.234 

.182 

16.00 

1.057 

.555 

,456 

.390 

.343 

.307 

.257 

.200 

18.00 

1.110 

.601 

.495 

.425 

.373 

.335 

.280 

.217 

20.00 

1.163 

,645 

.534 

,459 

,404 

.362 

.303 

.235 

24.00 

1.269 

.731 

.609 

.525 

,463 

.416 

.348 

.269 

30.00 

1.430 

.857 

.720 

,623 

,551 

.496 

.415 

.319 

36.00 

1.599 

. 984 

.831 

.721 

,639 

.575 

.482 

*370 

42.00 

1.783 

1.116 

.945 

.822 

,729 

.657 

,550 

.422 
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DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR»FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  > FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-  5.000  BTU/HR# SQ.FT  »F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI  = *250  BTU/HR# SQ.FT » F / IN 

DEPTH  Of-  PIPE  DPTH-  6 • OFT ® 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

£ INCHES) 

0D( INCHES) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.594 

.201 

. 162 

.139 

.123 

.112 

.097 

.080 

4.50 

.630 

.235 

.189 

.161 

.143 

.129 

.111 

.091 

5.56 

. 663 

.266 

.216 

.184 

.162 

.147 

.125 

.102 

6.62 

.694 

.298 

® 241 

.205 

.181 

. 163 

.139 

.112 

7.62 

.721 

.325 

.264 

.225 

. 198 

.179 

.152 

.121 

8 « 62 

.746 

.351 

.285 

.244 

.215 

.193 

.164 

.130 

9.62 

.771 

.375 

.306 

.262 

.231 

.208 

.176 

.139 

10.75 

.797 

.401 

.329 

.282 

.248 

.224 

.189 

. 149 

12.75 

.840 

.445 

.367 

.315 

.279 

.251 

.212 

. 167 

14.00 

.866 

.471 

.390 

.336 

.297 

.267 

.226 

.177 

16.00 

.907 

.511 

.426 

.367 

.325 

.293 

.247 

. 194 

18.00 

.946 

.549 

♦ 460 

.398 

.353 

.318 

.268 

.210 

20.00 

.983 

.585 

.492 

.427 

.379 

.342 

.289 

.226 

24.00 

1.057 

.655 

.555 

.494 

.431 

.390 

.330 

.257 

30.00 

1.163 

.753 

.645 

* 566 

.506 

.459 

.389 

.303 

36  * 0 0 

1.269 

.848 

.731 

.645 

.578 

.525 

.446 

.348 

42.00 

1.375 

.940 

.815 

.722 

.649 

.591 

.503 

.393 
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9 


DEFINITION  Q=KP*t JO-IP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP“  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR.FI  OF  PIPEr  F 
TG=  AVERAGE  EARTH  TEMPERATURE  # F 
TPr  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5. 000  BTU/HR » SQ . FT , F/ IN 


THERMAL  CONDUCTIVITY  OF  INSULATION 


KI  = 

.250 

BTU/HR  » 

SQ.FT 

» F/  IN 

DEPTH 

OE  PIPE 

DPTH= 

8. OFT. 

heat  TRANSF 

ER  FACTORS  OF 

underground 

PIPES  t KP 

PIPE  SIZE 

INSULATION 

thickness 

( INCHES) 

UD( INCHES) 

.000  1 

.ooo  i 

.500 

2.000 

2,500 

3.000  4 

.000 

6.000 

3.5U 

.557 

.197 

,159 

.137 

,121 

.111 

.096 

.079 

4.50 

.589 

.229 

.185 

.158 

, 140 

.127 

.110 

.090 

5 • 56 

.618 

.260 

.211 

.180 

.159 

.144 

.124 

.100 

6.62 

.645 

.289 

« 235 

.201 

.178 

,161 

,137 

.110 

7.62 

.668 

.314 

.256 

.219 

. 194 

.175 

.149 

.120 

6.62 

.690 

.337 

o2?7 

.237 

.210 

.189 

.161 

.129 

9.62 

,710 

.360 

,296 

.254 

.225 

.203 

.172 

.137 

10.75 

.732 

.384 

.317 

,273 

• 242 

• 218 

.165 

. 147 

12.75 

,769 

.424 

.353 

.305 

.270 

.244 

.207 

. 164 

14.00 

.791 

,448 

,374 

,324 

,287 

.260 

.220 

. 174 

16.00 

.824 

,484 

,406 

.353 

.314 

.284 

.241 

.190 

16.00 

.656 

.517 

.437 

.381 

.339 

.307 

.261 

.205 

20 .00 

.867 

.550 

.467 

.408 

.364 

.330 

.280 

.220 

24.00 

.946 

.610 

.523 

.460 

.411 

.374 

.318 

.250 

30.00 

1.029 

.695 

,601 

.532 

.479 

• 436 

.372 

.293 

36.00 

1.110 

.774 

.675 

,601 

.542 

.495 

.425 

.335 

42,00 

1.190 

• 649 

.746 

♦ 667 

.604 

.553 

.475 

.376 
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DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  * FT  OF  PIPE 
KP—  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  K5=  5.000  BTU/HR * SQ . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I - .300  BTU/HR* SQ.FT  *F/IN 

DEPTH  OF  PIPE  DPTHr  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

{ INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.654 

.236 

. 191 

.164 

. 146 

.133 

.116 

.096 

4.50 

» 698 

.275 

.223 

. 191 

. 169 

.154 

. 133 

. 109 

5 . 5o 

.739 

.313 

.254 

.218 

. 193 

.175 

.150 

. 122 

6.62 

.778 

.349 

.284 

.243 

.215 

. 194 

.166 

.134 

7.62 

.812 

.381 

.311 

. 266 

.235 

.213 

.181 

.145 

8.62 

.644 

.411 

.337 

.289 

.255 

.230 

. 196 

.156 

9.62 

.675 

.440 

.362 

.310 

.274 

.248 

.210 

. 167 

10. 7t> 

.909 

.472 

.389 

.334 

.296 

.267 

.226 

.179 

12.75 

.967 

.525 

.435 

.375 

.332 

.299 

.253 

.200 

14.00 

1.002 

.557 

.463 

.400 

.354 

.319 

.270 

.213 

16.00 

1.057 

.606 

.507 

.439 

.389 

.351 

.297 

.233 

18.00 

1.110 

.653 

.549 

.476 

.423 

.382 

.323 

.253 

20.00 

1.163 

.700 

.590 

.513 

.456 

.412 

.349 

.273 

24.00 

1.269 

.790 

.671 

.585 

.521 

.472 

.39Q 

.312 

30.00 

1.430 

.922 

.789 

.692 

.618 

.560 

.474 

• 370 

36.00 

1.599 

1.056 

.908 

.799 

.715 

.648 

.550 

.428 

42.00 

1.783 

1.195 

1.030 

.908 

.814 

.739 

.627 

.488 
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SSHT  r 11 


DEFINITION  Q-KP*(TG«TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/MR  ?FT  OF  PIPE 
KP~  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR.FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  * F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR r SO . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI~  « 300  BTU/HR* SQ.FT  *F/IN 

DEPTH  OF  PIPE  DPTHs  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

OD ( INCHES ) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.594 

.228 

.186 

. 160 

.143 

,131 

.114 

.094 

4.50 

.630 

.264 

.215 

.185 

.165 

.150 

.130 

. 107 

5.56 

. 663 

.299 

.245 

.211 

. 187 

.170 

.146 

.119 

6.62 

.694 

.331 

.272 

.234 

.208 

.189 

.162 

.131 

7 . 62 

.721 

,360 

,297 

,256 

.227 

,206 

.176 

.142 

6 . 62 

.746 

• 366 

.320 

.276 

.245 

.222 

.190 

.153 

9.62 

.771 

.412 

.342 

.296 

.263 

* 238 

.203 

.163 

10.75 

.797 

.439 

,367 

.31© 

* 282 

.256 

.218 

. 174 

12.75 

.340 

.485 

.407 

.354 

.316 

.286 

.244 

. 194 

14.00 

.366 

.512 

• 432 

.376 

. 335 

,304 

.259 

.206 

16.00 

.907 

.553 

.469 

,410 

.366 

,333 

.283 

.225 

16.00 

.946 

.593 

.505 

.443 

.396 

.360 

.307 

.243 

20.00 

.903 

.630 

.540 

.475 

.425 

.387 

.330 

.261 

24.00 

1.057 

.702 

• 606 

,535 

.481 

.439 

.375 

.297 

30.00 

1.163 

.803 

.700 

.622 

,562 

.513 

,440 

.349 

36.00 

1.269 

.900 

.790 

.706 

.639 

.585 

.504 

.399 

42.00 

1.375 

.995 

.878 

.788 

.715 

.656 

.566 

.449 
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DEFINITION  Q=KP*(TG~TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

RTU/MR  » ft  of  pipe 
KP~  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR,FT  OF  PIPE*  F 
T G-  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5,000  BTU/HR » SO . FT » F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  » 300  BTU/HR»SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH=  8, OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  K P 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

0D( INCHES) 

,000 

1,000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6*000 

3.50 

.557 

.222 

. 182 

.157 

.141 

. 129 

.112 

.093 

4.50 

.589 

.256 

.210 

.182 

.162 

.148 

.128 

.106 

5 . 5b 

.618 

.289 

.238 

.206 

.183 

.167 

. 144 

.118 

6.62 

.645 

,320 

.264 

.228 

*203 

.185 

. 159 

.129 

7.62 

.668 

.346 

.287 

*249 

.222 

.201 

.173 

. 140 

6.62 

.690 

.371 

.309 

.268 

,239 

.217 

.186 

. 150 

9.62 

.710 

s 394 

.330 

.287 

. 256 

.232 

. 199 

. 160 

10.75 

.732 

.419 

.352 

.307 

.274 

.249 

.213 

.171 

12.75 

,769 

.460 

.390 

*341 

.305 

,277 

.237 

. 190 

14.00 

.791 

.485 

.412 

.361 

.323 

.294 

.252 

.201 

16.00 

.824 

.521 

,446 

.392 

.352 

.321 

.275 

.219 

18.00 

.856 

• 556 

,478 

.422 

.380 

.346 

.297 

.237 

20.00 

.887 

.589 

.509 

.451 

*406 

.371 

.318 

• 254 

24.00 

.946 

.651 

,568 

.505 

.457 

.418 

.360 

.287 

30.00 

1.029 

,737 

.649 

.581 

.528 

.485 

,419 

.335 

36.00 

1.110 

.817 

.725 

.653 

,596 

.549 

.476 

.362 

42.00 

1.190 

.894 

*798 

.722 

.661 

.610 

.531 

,427 
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definition  q=kp*(tg-tp) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

btu/hr,ft  of  pipe 

KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  » FT  OF  PIPE  ? F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TPs  PIPE  TEMPERATURE  * > F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR * SO . FT  * F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .350  BTU/HR* SQ.FT  *F/IN 

DEPTH  Of-  PIPE  DPTHs  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

thickness 

(INCHES) 

UD( INCHES) 

.000 

1.000  1 

.500 

2,000 

2.500 

3.000 

4,000 

6.000 

3.50 

.654 

.262 

.214 

.185 

.166 

.152 

.132 

.110 

4.50 

.698 

.303 

.248 

.215 

.191 

.174 

.151 

.125 

5.56 

.739 

.344 

.282 

,244 

.217 

.197 

.170 

.139 

6.62 

.778 

.381 

.314 

.272 

.242 

.219 

.189 

.153 

7.62 

.812 

.414 

.343 

.29? 

.264 

.239 

.205 

. 166 

8.62 

.044 

.446 

.371 

.321 

» 235 

,259 

.222 

. 178 

9.62 

.875 

.476 

.397 

.344 

. 306 

.278 

,238 

. 191 

10.75 

.909 

.509 

.426 

.370 

.329 

.299 

.255 

.204 

12.75 

.967 

.564 

.475 

.414 

.369 

.335 

.285 

.228 

14.00 

1.002 

.597 

.504 

.440 

.393 

.356 

.304 

.242 

16.00 

1.057 

.648 

.550 

.481 

.430 

.391 

.333 

.265 

18.00 

1.110 

.697 

.595 

.522 

.467 

.424 

.362 

.287 

20.00 

1.163 

.745 

.638 

.561 

.503 

.457 

.390 

.309 

24.00 

1.269 

.838 

.722 

.638 

,573 

.522 

.446 

.352 

30.00 

1.430 

.975 

.847 

,751 

.677 

.617 

.528 

.417 

36.00 

1.599 

1.114 

.972 

• 865 

.781 

.713 

.611 

.482 

42.00 

1.783 

1.258  1 

.102 

.982 

.888 

• 812 

.696 

.549 

52 


SSHT  = 14 


DEFINITION  Q=KP*(TG»TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  t FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  > F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-  b.000  BTU/HR * SQ . FT # F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  ,350  BTU/HR  » SO • FT  » F / 1 N 

DEPTH  Of-  PIPE  DPTH-  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.594 

,251 

.207 

.180 

. 162 

,148 

.130 

.108 

4 • 5U 

.630 

.289 

.239 

.208 

. 186 

.170 

.148 

. 122 

5.5b 

. 663 

.326 

.271 

.235 

.210 

.192 

.166 

.136 

6.62 

.694 

.360 

.300 

.261 

.233 

.212 

.183 

.150 

7.62 

.721 

,389 

.326 

.284 

.253 

.231 

.199 

. 162 

6.62 

.746 

.417 

.350 

.306 

.273 

.249 

.214 

. 174 

9.62 

.771 

.443 

,374 

.327 

.292 

.266 

.229 

. 185 

10o7b 

.797 

.471 

.399 

,350 

.313 

.285 

.245 

.198 

12.75 

.840 

.518 

.442 

.388 

.349 

.318 

.273 

.220 

14.00 

• 866 

.546 

.468 

.412 

.370 

.337 

.290 

.233 

16.00 

.907 

.588 

.506 

.446 

.403 

.368 

.317 

.254 

18.00 

.946 

.628 

.544 

.482 

.435 

.397 

.342 

.274 

20.00 

.983 

.667 

.580 

.515 

.465 

.426 

.367 

.294 

24.00 

1.057 

.740 

.648 

.579 

.525 

.481 

.416 

. 333 

30.00 

1.163 

.843 

.745 

.669 

.610 

.561 

.486 

. 390 

36.00 

1.269 

.942 

.838 

.757 

.691 

. 638 

.555 

.446 

42.00 

1.375 

1.039 

.930 

.843 

.772 

.713 

.622 

.501 

53 


SSHTs  15 


DEFINITION  QSKP* ( TG-TP ) 

teSMERE  0 s HEAT  TRANSFER  TO  PIPE 

0TU/HR  $ FT  OF  PIPE 
K Ps  PIPE  HEAT  TRANSFER  FACTOR 
0TU/HR  #FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE * F 
TPs  PIPE  TEMPERATURE  ».  F 

thermal  conductivity  of  earth  ks=  5,000  btu/hr»sq.ft*f/in 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KIs  » 350  BTU/HR  * SQ • FT » F/ IN 

DEPTH  Of-  PIPE  DPTHs  8, OFT, 


heat  transfer  factors  of  underground  pipes*  kp 


PIPE  SIZE 

INSULATION 

thickness 

( INCHES) 

OD ( INCHES) 

.000 

1.000  1 

.500 

2,000 

2.500 

3,000 

4.000 

6.000 

3,50 

.557 

.245 

,203 

,177 

,159 

.146 

.128 

.107 

4.50 

.589 

.281 

.233 

.203 

,182 

,167 

.145 

.121 

5,56 

.618 

.315 

,263 

,229 

.205 

.188 

.163 

.134 

6.62 

.645 

,346 

.290 

.253 

.227 

.207 

.180 

.147 

7.62 

.668 

,373 

,314 

.275 

,247 

.225 

.195 

.159 

8.62 

,690 

.399 

.337 

.296 

.265 

.242 

.209 

. 170 

9.62 

.710 

.423 

.359 

.315 

,283 

.259 

.223 

.181 

10.75 

.732 

,448 

.382 

.337 

,303 

.277 

.239 

.193 

12.75 

.769 

.490 

• 422 

.372 

,336 

,307 

.265 

.214 

14.00 

.791 

.515 

.445 

.394 

,355 

,325 

,281 

.227 

16.00 

.824 

.552 

.480 

.426 

, oS6 

.354 

.306 

.247 

18.00 

.856 

,587 

.513 

.457 

.415 

,381 

.330 

.266 

20.00 

.807 

.621 

.544 

.487 

,443 

.407 

.353 

.285 

24.00 

.946 

.683 

,604 

.544 

.496 

,457 

.397 

.321 

30,00 

1.029 

.770 

.687 

.623 

s 570 

.528 

.461 

.374 

36.00 

1.110 

.851 

© 765 

*697 

.641 

.595 

.522 

.424 

42.00 

1.190 

,929 

.640 

.768 

,709 

.059 

.580 

.473 

54 


SSH  T - 16 


DEFINITION  Q=KP* ( TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HRpFT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR.FT  of  pipe*  f 
TG  = AVERAGE  EARTH  TEMPERATURE.  F 
TP-  PIPE  TEMPERATURE  . F 

IHEkMAL  CONDUCTIVITY  OF  EARTH  KS  = b.OuO  b T U/ HR * SO . F T , r/  ] ; 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kl=  .400  BTU/HR»SG.rT,F/lM 


DEPTH  OF  PIPE 


OPTHr  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES.-  K P 


PIPE  SIZl 

INSULATION  THICKNESS 

( INCHES) 

UD l INCHES ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4 . 1 1 V 

6 . 

5.50 

.654 

.285 

.235 

.205 

. 184 

. 169 

. 1 4 8 

* ± 

4.50 

.696 

.328 

.272 

.237 

.212 

.194 

. 16° 

. 14 

5 . 5o 

.739 

.370 

.308 

.268 

.240 

.219 

. 190 

. 15 

6.62 

.778 

.409 

.342 

.298 

• 266 

.243 

.210 

. i 

7 .62 

.812 

.444 

.372 

.324 

.290 

.265 

.228 

* 1 8 

b.b<L 

.844 

.476 

.401 

.350 

.313 

.286 

.2  46 

9.62 

.875 

.507 

.429 

.375 

• 336 

. 306 

.263 

, 2 ) 

1U.75 

.909 

.541 

.459 

.402 

.360 

, 328 

, 262 

1 2 • 7 b 

.967 

.597 

.510 

.446 

.402 

. 367 

. 31c 

. 2 5 

14.00 

1.002 

.631 

.541 

.476 

.426 

. 390 

, .^36 

. 2* 

1 fc  e 0 0 

1.057 

.683 

.588 

.519 

.468 

.427 

. 36  7 

. 2' 1 

16.00 

1 .110 

.734 

*634 

.562 

.506 

.463 

. 396 

> 3 1 

20 .00 

1 . 165 

.783 

.679 

*603 

. 544 

.498 

. 42° 

, X 

24.00 

1.269 

.678 

.767 

.684 

.619 

.56? 

. 4 89 

. 39 

30 .00 

1.430 

1.019 

.896 

.802 

.728 

.669 

.5  76 

• 

36.00 

1.599 

1.161 

1.027 

.922 

. 839 

.771 

,u67 

• 5 

42.00 

1.785 

1.311 

1.162 

1.046 

.953 

.877 

. 759 

r j • 

55 


SSHT=  17 


DEFINITION  QrKP*(T6“TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

0TU/HR  9 FT  OF  PIPE 
KP-  pipe  heat  transfer  factor 

BTU/HR » FT  OF  PIPE*  F 
TG"  AVERAGE  EARTH  TEMPERATURE » F 
TP~  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-  5.000  BTU/HR  » SQ .FT  * F / IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  ,400  BTU/HR»SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTHr  6. OFT. 


HEAT  transfer  factors  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

0D< INCHES) 

.000 

1.000  1 

,500 

2.000 

2.500 

3.000 

4.000 

6.000 

5.50 

.594 

.272 

.227 

. 199 

.179 

.165 

, 145 

. 122 

4.50 

.630 

.312 

,261 

.228 

.205 

. 188 

.165 

.137 

5 o 56 

.665 

.350 

.294 

,257 

,231 

.212 

.184 

. 153 

6.62 

.694 

.385 

.325 

.284 

,256 

.234 

,203 

.167 

7.62 

.721 

.415 

.352 

. 309 

.278 

,254 

.220 

.181 

8.62 

.746 

.443 

,377 

.332 

.299 

.273 

.237 

. 194 

9.62 

.771 

.470 

,402 

.354 

.319 

.292 

,253 

.206 

10.75 

.797 

.499 

.428 

.378 

.341 

.312 

,270 

.220 

12.75 

.840 

,546 

. 472 

,419 

.378 

.347 

.300 

.244 

14.00 

. 066 

.575 

.498 

.443 

.401 

.368 

.319 

.258 

16.00 

.907 

,617 

.530 

.480 

.435 

,400 

,347 

.281 

18.00 

.946 

.658 

.577 

® 516 

.469 

.431 

.374 

.303 

20.00 

.983 

.697 

.613 

.550 

,501 

,461 

.401 

.325 

24.00 

1.057 

.771 

.603 

.616 

.503 

.519 

.453 

.367 

50.00 

1.163 

.075 

.783 

.710 

.651 

.603 

.528 

.429 

56 . 0 U 

1.269 

.976 

.870 

,800 

,737 

,684 

.600 

.489 

42.00 

1.375 

1.075 

.972 

.889 

.820 

.763 

.671 

.548 

56 


SSHT=  18 


definition  q=kp*(tg-tp) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

btu/hr»ft  of  pipe 

KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  p FT  OF  PIPE*  F 
T6~  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  RIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  K5«  5. 000  BTU/HR » SQ .FT r F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  ,400  BTU/HR  * SQ . FT  * F / I N 

DEPTH  OF  PIPE  DPTH=  8, OFT, 


MEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SlZt_ 

INSULATION 

THICKNESS 

( INCHES) 

00 ( INCHES) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4 .000 

6.000 

3. 50 

.557 

.265 

.222 

. 194 

, 176 

. 162 

. 142 

. 120 

4.50 

.589 

,302 

.254 

.223 

.201 

. 184 

. 162 

.135 

5.56 

.618 

o 337 

.285 

.250 

,226 

.207 

.181 

.150 

6 » 62 

.645 

.369 

.313 

.276 

.249 

.228 

.199 

. 164 

7.62 

.668 

.397 

.339 

.2  99 

.269 

.247 

.215 

. 177 

6.62 

.690 

.423 

a 362 

.320 

.289 

.265 

.231 

. 189 

9.62 

.710 

.447 

.385 

.341 

.308 

.283 

.246 

.202 

10.75 

.732 

.473 

.409 

.363 

.329 

a 302 

.263 

.215 

12.75 

.769 

.515 

.449 

.400 

.363 

.334 

.291 

.237 

14.00 

.791 

.540 

.472 

.422 

.384 

.353 

.308 

.251 

16.00 

.824 

.578 

.508 

.456 

.415 

.383 

.334 

.272 

18.00 

• 856 

.613 

.542 

.486 

.446 

.411 

.35° 

.293 

20.00 

.887 

.647 

.574 

.519 

,475 

.439 

.384 

.313 

24.00 

.946 

.710 

.635 

.577 

.530 

.491 

.431 

.35  3 

30.00 

1.029 

.797 

.720 

.658 

.607 

.565 

.498 

.409 

36.00 

1.110 

.879 

.799 

.734 

.680 

. 634 

.562 

.463 

42.00 

1.190 

.957 

.875 

.807 

,750 

.701 

.623 

.515 

57 


SSHTs  19 


DEFINITION  Q=KP«(T6*TP5 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR t FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE*  F 
TG~  AVERAGE  EARTH  TEMPERATURE,  F 
TPs  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5,000  BTU/HR » SG . FT , F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K Is  ,650  BTU/HR, SQ. FT, F/IN 

DEPTH  OF  PIPE  DPTHS  4. OFT* 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES,  KP 


PIPE  SIZE  INSULATION  THICKNESS  (INCHES) 


0D( INCHES) 

.000 

1.000 

1,500 

2 « 000 

2*500 

3*000 

4.000 

6.000 

3,50 

.654 

.372 

.321 

.286 

.263 

.245 

.219 

.188 

4,50 

.690 

.421 

.365 

.327 

.299 

.278 

.247 

.210 

5,56 

.739 

.406 

,407 

.365 

.334 

.310 

,276 

.233 

6.62 

.778 

.510 

. 446 

.401 

.367 

.341 

.302 

.255 

7,62 

,812 

.547 

,401 

.433 

,397 

.368 

,326 

.274 

a, 62 

,844 

© 562 

,514 

,463 

.425 

.395 

.350 

.293 

9.62 

,875 

.616 

. 545 

.493 

,452 

.420 

,372 

.312 

10.75 

.909 

.651 

,579 

.524 

,482 

,448 

.397 

.332 

12,75 

.907 

.711 

.636 

.578 

,532 

e 496 

.439 

.367 

14,00 

1.002 

,747 

*670 

.610 

.563 

,524 

.465 

.388 

16,00 

1.057 

,802 

.722 

,660 

,610 

.569 

.505 

.422 

10.00 

1.110 

.855 

.773 

,70© 

.656 

,612 

.544 

.454 

20.00 

1.163 

.907 

.823 

.755 

.700 

« 655 

.583 

.487 

24,00 

1.269 

1,008 

.919 

.847 

,788 

.730 

.659 

.550 

30.00 

1,430 

1.159 

1,063 

,9©4 

.910 

.861 

.771 

.645 

36.00 

1.599 

1.313 

1.209 

1,122 

1.049 

.960 

,885 

.742 

42,00 

1,783 

1.476 

1.363 

1.267 

1.187 

1.117 

1.003 

.841 

58 


SSHT:  20 


DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR,FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  » FT  OF  PIPE,  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  , F 

THERMAL  CONDUCT  I V I TY  OF  EARTH  KS=  b.000  BTU/HR, SQ.FT  #F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I ~ .650  BTU/HR»SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH  = fe.OFT* 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES,  KP 


PIPE  S I Zt. 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4 .000 

6.000 

3.50 

.594 

.352 

.306 

.275 

.253 

.236 

.212 

. 1 82 

4.50 

.630 

.396 

.346 

.311 

,286 

.266 

.238 

.204 

5 • 56 

• 663 

.436 

.383 

.346 

.318 

.296 

.264 

.225 

6.62 

.694 

.473 

.417 

.378 

,348 

.324 

.289 

.245 

7 . 62 

.721 

.505 

.447 

.406 

.374 

.348 

.311 

.263 

6.62 

.746 

.534 

.476 

.432 

.399 

.372 

.332 

.280 

9.62 

.771 

.562 

.502 

.458 

.423 

.394 

.352 

.297 

10.75 

.797 

.591 

.531 

.485 

.448 

.419 

.374 

.315 

12.75 

.840 

.640 

.578 

.530 

.491 

.460 

,411 

. 34  7 

14.00 

.866 

.669 

,606 

.557 

.517 

.484 

,433 

. 366 

16.00 

.907 

.712 

.649 

.598 

.556 

.522 

.468 

. 395 

18.00 

.946 

.754 

.689 

.637 

.594 

.558 

.501 

. 424 

20.00 

.983 

.794 

.728 

.675 

.630 

.593 

.533 

.451 

24,00 

1.057 

.869 

.802 

.747 

.700 

. 660 

.595 

.505 

30.00 

1.163 

.976 

,907 

.849 

.799 

.755 

.684 

. 58  3 

36.00 

1.269 

1.080 

1.008 

.947 

.894 

.847 

.770 

.659 

42.00 

1.375 

1.183 

1.109 

1.044 

.988 

.938 

.855 

.733 

59 


SSHTr  21 


LEF  1NIT10N  Q=KP*  ( TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 

btu/hrpft  of  pipe?  f 

T 6-  AVERAGE  EARTH  TEMPERATURE?  F 
TP-  PIPE  TEMPERATURE  ? F 

THERMAL  CONUUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR  ? SO  . FT  ? P"  / I N 


THERMAL  CONUUCTIVITY  OF  INSULATION 


KI- 

.650  btu/hr?sq.ft?f/in 

uEPTH  OF  PIPE 

DPTHr 

8. OFT. 

heat  transfer  FACTORS  OF 

underground 

PIPES? 

KP 

PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

0L)(  INCHES) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 « SO 

.557 

.339 

.296 

.267 

.246 

.230 

.207 

. 179 

4.50 

.589 

.379 

.333 

.301 

.277 

,259 

.232 

. 199 

5 • 56 

• 618 

.416 

. 368 

.333 

.30  7 

.287 

.257 

.220 

b « 62 

.645 

,449 

.399 

.363 

*335 

.313 

.280 

.239 

7.62 

• 668 

.478 

.426 

.388 

.359 

.336 

.300 

» 256 

6 • 62 

.690 

.504 

.452 

.413 

.382 

.357 

.320 

.272 

9.62 

.710 

.529 

.476 

.436 

.404 

.378 

.339 

.288 

10.75 

.732 

.555 

.501 

.460 

.427 

.400 

.35° 

.305 

12.75 

.769 

.598 

.543 

.501 

• 466 

.438 

.393 

.334 

14.00 

.791 

,623 

.568 

.525 

.489 

• 460 

.413 

. 351 

lb . 00 

.824 

.660 

.605 

e 561 

.524 

.493 

.445 

. 378 

18.00 

.856 

.696 

e 640 

.595 

.557 

.526 

.475 

.404 

20.00 

.887 

.729 

,674 

.628 

.589 

.556 

.503 

.430 

24.00 

.946 

.792 

.736 

.689 

.649 

.615 

.558 

• 4 7 8 

30.00 

1.029 

.880 

.823 

.775 

.733 

.696 

.635 

.547 

36 .00 

1.110 

.963 

.905 

.855 

.812 

.773 

.708 

.612 

42.00 

1.190 

1.043 

.984 

.933 

.887 

.847 

.779 

• 676 

60 


SSHT  = 22 


DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  9 FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  * FT  OF  PIPE  * F 
T6=  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR » SQ . FT , F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  1.000  BTU/HR» SQ.FT  » F / I K I 

DEPTH  OF  PIPE  DPTH-  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES.  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.654 

.450 

.404 

.371 

. 347 

.327 

.299 

.263 

4.50 

.698 

.501 

.452 

.416 

,388 

.367 

.334 

.293 

5 . 56 

.739 

.549 

.497 

.459 

.429 

.405 

.36Q 

.322 

6.62 

.778 

.592 

.539 

.498 

» 466 

.441 

.401 

. 349 

7.62 

.812 

.630 

.575 

.533 

.500 

.472 

.430 

. 374 

8.62 

.844 

.665 

.610 

. 566 

.531 

.503 

.458 

. 308 

9.62 

.875 

.699 

.643 

.598 

.562 

.532 

.484 

.421 

10.75 

.909 

.735 

.678 

.632 

.595 

.563 

.514 

.446 

12.75 

.967 

.796 

.73? 

.690 

,650 

.617 

.563 

• 49C 

14.00 

1.002 

.832 

.773 

.724 

.684 

,649 

.593 

.516 

16.00 

1.057 

.888 

.828 

.778 

.735 

.699 

.640 

.557 

18.00 

1.110 

.943 

.681 

.829 

.785 

.748 

.685 

. 597 

20.00 

1.163 

.996 

.933 

.880 

.835 

.795 

.730 

.637 

24.00 

1.269 

1.100 

1.035 

.979 

.931 

.888 

.818 

.714 

30.00 

1.430 

1.255 

1 . 186 

1.127 

1.074 

1.027 

.948 

.831 

36.00 

1.599 

1.416 

1.343 

1.278 

1.220 

1.169 

1.082 

.950 

42.00 

1.783 

1.588 

1.508 

1,438 

1.375 

1.319 

1.223 

1 . 075 

61 


SSHT = 23 


DEFINITION  Q-KP* ( T 6 “ T P 5 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  * FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS”  5,000“  BTU/HR » SO . FT , F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  1,000  BTU/HR  * SO . FT  * F/ IN 

DEPTH  OF  PIPE  DPTH=  6.0FT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

ou ( Inches ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4,000 

6.000 

3.50 

.594 

.421 

.380 

.351 

.329 

.312 

.286 

.253 

4.50 

.630 

.465 

.4  22 

.391 

. 366 

,347 

.318 

.280 

5 . 5b 

.663 

• 506 

.462 

.428 

.402 

.381 

.34Q 

» 3 0 6 

6.62 

.694 

.542 

.497 

.463 

.435 

.412 

.377 

. 331 

7.62 

.721 

.574 

.528 

.492 

.464 

.440 

.403 

.353 

6.62 

.746 

.603 

.557 

.520 

.491 

. 466 

.427 

.375 

9.62 

.771 

.631 

,584 

.547 

.516 

.491 

.450 

.395 

10.75 

.797 

,660 

.613 

,575 

.544 

.518 

.475 

.417 

12.75 

.840 

,708 

.661 

.623 

.590 

.562 

.517 

.454 

14.00 

* 066 

,736 

.689 

.650 

.617 

.589 

.542 

.477 

16.00 

.907 

.780 

.733 

• 693 

.659 

• 630 

.581 

.511 

16.00 

.946 

.821 

.774 

.733 

.699 

. 668 

.618 

.545 

20.00 

.983 

.860 

.813 

.772 

.737 

.706 

.654 

.577 

24.00 

1.057 

.936 

,888 

.84? 

.810 

.778 

.723 

.640 

30.00 

1 . 163 

1.044 

.996 

.953 

,914 

.880 

.821 

.730 

36.00 

1.269 

1.149 

1.100 

1.055 

1,015 

.979 

.916 

.818 

42.00 

1.375 

1.254 

1.203 

1.157 

1.115 

1.077 

1.010 

.905 
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SSHT=  24 


DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » ft  of  pipe 
kp=  pipe  heat  transfer  factor 

BTU/HR  p FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONUUCTIVITY  OF  EARTH  KS=  5.000  BTU/HR * SQ . FT r F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I - 1.000  BTU/HR *SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH=  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OU ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3. SO 

.557 

.402 

• 365 

.338 

.317 

.301 

.277 

.246 

4. SO 

.589 

.442 

.403 

.375 

.352 

.334 

.307 

.27  2 

S • 5o 

.618 

.479 

.439 

.409 

.385 

. 366 

.336 

.296 

6.62 

.645 

.512 

.471 

.440 

.415 

.394 

.362 

. 320 

7.62 

.668 

.540 

.499 

.467 

.441 

.420 

. 386 

. 340 

8.62 

.690 

• 566 

.525 

.492 

.466 

.443 

.408 

. 360 

9.62 

.710 

.590 

.549 

.516 

.489 

• 466 

.429 

. 378 

10.75 

.732 

.615 

« 574 

.541 

.513 

.490 

.451 

. 396 

12. 7S 

.769 

.657 

.616 

.582 

.554 

.529 

.489 

.432 

14.00 

.791 

.681 

.641 

.607 

.578 

.553 

.512 

.453 

16.00 

.824 

.718 

.678 

.644 

.614 

.589 

,546 

.484 

18.00 

.856 

.753 

.713 

.678 

.648 

.622 

.578 

.514 

20.00 

.887 

.786 

.746 

.711 

.681 

.655 

.609 

.542 

24.00 

.946 

.840 

.808 

.774 

.743 

.715 

• 668 

.597 

30.00 

1.029 

.935 

.896 

.861 

.829 

.801 

.751 

.674 

36.00 

1.110 

1.017 

.978 

.943 

.910 

.881 

.829 

.748 

42. OU 

1.190 

1.097 

1.058 

1.022 

.989 

.959 

.905 

.819 

63 


SSHT-  25 


definition  qskp*ctg»tp> 

WHERE  Q - HEAT  TRANSFER  TO  PIPE 

BTU/HR  9 FT  OF  PIPE 
K P=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP“  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-  7*500  BTU/HR  * SO. FT .F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .150  BTU/HR*SQ.FT*F/IN 

DEPTH  OF  PIPE  ORTH-  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

thickness 

( INCHES) 

0D( INCHES) 

.000 

1.000  1 

.500 

2.000 

2,500 

3.000 

4.000 

6.000 

3.50 

.961 

.150 

,114 

,095 

.063 

,074 

.063 

.051 

4.50 

1.046 

.ISO 

,136 

• 1 12 

,097 

.087 

,073 

. 056 

5.56 

1.109 

.211 

.159 

.131 

.112 

.100 

.083 

• 066 

6.62 

1.167 

.241 

.181 

® 148 

.127 

.112 

.093 

.073 

7.62 

1.213 

.266 

.202 

. 164 

.141 

. 124 

.102 

.079 

6.62 

1,266 

.295 

• 222 

.130 

.154 

.136 

.111 

• 086 

9,62 

1.313 

,321 

• 241 

.196 

. 167 

.147 

.120 

.092 

10.75 

1,364 

.349 

.263 

,214 

.182 

• 160 

.130 

. 099 

12.75 

1.450 

.399 

.301 

,244 

,208 

,182 

.148 

.112 

14.00 

1.503 

.429 

.324 

.263 

.223 

,196 

.159 

.119 

16.00 

1,585 

.476 

.360 

.293 

,249 

,21? 

.176 

. 131 

13.00 

1,665 

.522 

.396 

.322 

,273 

.239 

.193 

. 143 

20.00 

1,745 

.568 

.432 

.351 

.298 

.260 

.210 

.155 

24.00 

1,903 

.656 

.502 

.409 

.347 

.302 

.243 

. 179 

30.00 

2.145 

.787 

.605 

,494 

,419 

.365 

« 293 

.215 

36.00 

2.399 

.917 

.707 

.576 

.491 

.426 

.343 

.250 

42.00 

2.675 

1,049 

,811 

.664 

.564 

.491 

.393 

.286 

64 


SSHTr  2 6 


DEFINITION  QrKP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  r FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR  * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TPr  PIPE  TEMPERATURE  » F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS= 

7*500 

BTU/HR  r SO • FT  * F/ 1 N 

thermal 

conductivity 

OF 

insulation 

Kir 

.150 

BTU/HR »SQ*FT  rF/IN 

DEPTH  OP 

PIPE 

DPTHr 

6* OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

UD( INCHES) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

5.50 

.690 

.148 

.113 

. 094 

.082 

.074 

.063 

.051 

4 . 5U 

.944 

.177 

.135 

.111 

.096 

.086 

.072 

.058 

5.56 

.995 

.207 

.157 

. 129 

.111 

.099 

.082 

. 065 

6.62 

1.041 

.235 

.178 

. 146 

. 125 

.111 

.092 

.072 

7.62 

1.082 

.261 

.197 

. 162 

. 139 

.122 

.101 

.079 

6.62 

1.120 

.286 

.217 

.177 

. 152 

.134 

.110 

.085 

9.62 

1.156 

.310 

.235 

.192 

. 164 

.145 

.119 

.091 

10.75 

1.195 

.337 

.256 

.209 

. 179 

.157 

.129 

.098 

12.75 

1.260 

.383 

.292 

.238 

.203 

.178 

.146 

. 110 

14.00 

1.500 

.411 

.313 

.256 

.218 

.192 

.156 

.118 

16.00 

1.560 

.454 

.347 

.284 

.242 

.212 

.173 

.130 

16.00 

1.416 

.495 

.380 

.312 

.266 

.233 

.189 

. 141 

20.00 

1.475 

. 536 

.413 

.339 

.289 

.253 

.205 

.153 

24.00 

1.585 

.614 

.476 

.392 

.334 

.293 

.237 

.176 

50 . 00 

1.745 

.726 

. 568 

.469 

.401 

.351 

.284 

.210 

56.00 

1.905 

.834 

.656 

.544 

.466 

.409 

.330 

.243 

42.00 

2.065 

.939 

.744 

.618 

.530 

.465 

.376 

.276 

65 


SSHT  ~ 27 


DEFINITION  Q=KP*(76“TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

8TU/HR  c-  FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPE?  F 
T G=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7,500  BTU/HR » SO . FT , F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  ,150  BTU/HR  # SO  »FT  » F / IN 

DEPTH  OF  PIPE  DPTH”  8. OFT. 


heat  transfer  factors  of  underground  PIPES*  KP 


am  **  csciXEu  jed 

PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

OD { INCHES) 

.000 

1,000  1 

.500 

1 s 

8 o 
i o 
i o 1 

1 * ! 
! OJ  1 
1 S 

2.500 

3.000 

4.000 

6.000 

3,50 

.836 

. 146 

.112 

.093 

.082 

.073 

.062 

.051 

4 » 50 

.883 

s 175 

.133 

,110 

,096 

,085 

.072 

.056 

5*56 

.927 

.204 

,155 

. 128 

.110 

.098 

.082 

.065 

b • 6d 

.967 

.231 

.176 

.144 

.124 

.110 

.092 

.072 

7,62 

1.002 

.256 

.195 

.160 

,137 

. 121 

.101 

.078 

3*62 

1.035 

.280 

.213 

.175 

.150 

.132 

.109 

.084 

9.62 

1.065 

,304 

,231 

.190 

. 162 

. 143 

,118 

.091 

10.75 

1.098 

.329 

.251 

.206 

.176 

,155 

.127 

.097 

12.75 

1.154 

.372 

,285 

.234 

,200 

.176 

. 144 

.109 

14.00 

1.186 

,399 

,306 

.251 

» 215 

.189 

.154 

.117 

16.00 

1,236 

.439 

.339 

.278 

,238 

.209 

.170 

. 128 

13.00 

1.284 

.470 

.370 

,305 

,261 

.229 

. 186 

.140 

20.00 

1.330 

,515 

.401 

• 330 

.283 

.248 

.202 

.151 

24.00 

1.418 

.587 

,460 

,380 

.326 

.287 

.233 

.174 

30.00 

1.544 

.688 

.544 

.453 

.309 

.342 

.278 

.206 

36.00 

1.665 

,784 

.625 

.522 

.450 

.396 

.322 

.239 

42,00 

1.784 

,877 

.704 

.590 

.509 

.449 

.366 

.271 

66 


SSHT - ? 8 


DEFINITION  Q=KP*<TG~TP) 

WHERE  Q - HEAT  TRANSFER  TO  PIPE 

btu/hr»ft  OF  PIPE 
KP  = PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR  r FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  * F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS- 

7.500 

btu/hr»sq.ft.f/in 

THERMAL 

conductivity 

OF 

I NSULAJ I ON 

K I - 

.200 

BTU/HR  * SQ . FT  * F/ IN 

DEPTH  OF 

PIPE 

DPTH- 

4 . OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

UDl  INCHES) 

.000 

1.000  1 

.50  0 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5U 

.981 

.192 

. 148 

.123 

.108 

.097 

.083 

. 067 

4.50 

1 . 04o 

.229 

.175 

. 146 

.127 

.113 

.096 

.077 

5.56 

1.109 

.266 

.204 

. 168 

.146 

.130 

.109 

*086 

6.62 

1.167 

.302 

.231 

. 191 

. 164 

.146 

.122 

. 096 

7 . 62 

1.218 

.335 

.256 

.211 

.182 

.161 

.134 

. 104 

6.62 

1.266 

.367 

.281 

.231 

. 198 

.176 

.146 

. 1 12 

9.62 

1.313 

.397 

.305 

.251 

.215 

.190 

. 157 

.121 

10.75 

1.364 

.431 

.331 

.272 

.234 

.206 

. 169 

.130 

12.75 

1.450 

.489 

.377 

.310 

. 266 

.234 

. 192 

• 146 

14.00 

1.503 

.525 

.405 

.333 

.285 

.251 

.206 

.156 

16.00 

1.585 

.580 

.449 

.370 

.317 

.279 

.227 

. 172 

16.00 

1.665 

.633 

.492 

.406 

.348 

.306 

.249 

.187 

20.00 

1.745 

.686 

.534 

.441 

.378 

.332 

.270 

.203 

24.00 

1.903 

.788 

.618 

.511 

.438 

.385 

.313 

.2  33 

30.00 

2.145 

.939 

.740 

.614 

.527 

.463 

.376 

.279 

36.00 

2.399 

1.089 

.863 

.718 

.616 

.542 

.439 

. 324 

42.00 

2.675 

1.242 

.987 

.822 

.706 

.621 

.503 

. 370 

67 


SSHTr  29 


DEFINITION  G=KP*<TG“TP) 

WHERE  Q HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR  ? FT  OF  PIPE » F 
TG-  AVERAGE  EARTH  TEMPERATURE » F 
TPs  PIPE  TEMPERATURE  * F 


THERMAL 

conductivity 

OF 

EARTH  KSs 

7.500 

BTU/HRpSG.FT»F/IN 

THERMAL 

CONDUCTIVITY 

OF 

INSULATION 
K Is 

.200 

BTU/HR fSQ.FT  »F/IN 

DEPTH  OF 

PIPE 

DPTH= 

6 * OFT 

© 

heat  transfer  factors  of  underground  pipes*  kp 


PIPE  SIZE 

insulation 

THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000  I 

* 500 

2.000 

2.500 

3*000 

4,000 

6.000 

3.50 

.890 

.188 

.145 

,12  2 

.107 

.096 

.082 

.067 

4.50 

.944 

.223 

,172 

.143 

.125 

.112 

.095 

.076 

5 » 5o 

.995 

.259 

.199 

e I,  68 

• 144 

.128 

.108 

.086 

6.62 

1.041 

.293 

• 226 

,18? 

,162 

.144 

.120 

.095 

7 • o2 

1.082 

.324 

.249 

.206 

,178 

.158 

.132 

.103 

8.62 

1.120 

.353 

.273 

.226 

. 194 

.172 

.143 

.111 

9.62 

1.156 

.382 

,295 

.244 

,210 

.186 

.154 

.119 

10.75 

1.195 

.413 

,320 

.265 

.228 

.202 

.166 

. 128 

12.75 

1.260 

. 466 

.363 

,300 

.259 

.228 

.188 

. 144 

14.00 

1.300 

.497 

.369 

.322 

,277 

.245 

.201 

. 153 

16.00 

1.360 

.547 

.429 

.356 

,307 

.271 

.222 

. 168 

18.00 

1.418 

.594 

,468 

.389 

.335 

.296 

.243 

. 183 

20.00 

1.475 

,640 

.506 

.422 

. 563 

.321 

.263 

. 198 

24.00 

1.585 

.727 

.580 

.485 

.419 

.370 

.303- 

.227 

30.00 

1.745 

.853 

,686 

.576 

,499 

.441 

,361 

.270 

36.00 

1.903 

.973 

.788 

» 865 

,577 

.511 

.419 

.313 

42.00 

2.0&3 

1.091 

.889 

o 752 

« 654 

.580 

.476 

.355 
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DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  , FT  OF  PIPF 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR ' SQ . FT , F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I - .200  BTU/HR  » SQ . FT  » F / IN 

DEPTH  OR  PIPE  DPTH=  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

thickness 

( INCHES) 

UUl INCHES) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.836 

.185 

.144 

. 121 

.106 

.095 

.082 

.067 

9.50 

.883 

.220 

.170 

. 142 

. 124 

.111 

.094 

.076 

5 • 5fa 

.927 

.254 

. 197 

. 164 

. 142 

.127 

.107 

.085 

6.62 

.967 

.287 

.222 

.184 

.160 

.142 

.119 

.094 

7.62 

1.002 

.316 

.245 

.203 

.176 

.156 

.130 

.102 

6 . 62 

1.035 

.344 

.267 

.222 

. 192 

.170 

. 142 

.110 

9.62 

1.065 

.371 

.289 

.240 

.207 

.184 

.152 

.118 

10.75 

1.098 

.401 

.313 

« 260 

.224 

. 199 

. 164 

. 127 

12.75 

1.154 

.450 

.353 

.294 

.254 

.225 

. 185 

. 142 

14.00 

1.186 

.480 

.378 

.315 

.272 

.241 

. 198 

. 152 

16.00 

1.236 

,525 

.416 

.347 

.300 

.265 

.218 

. 166 

18.00 

1.284 

.569 

.452 

.378 

.327 

.290 

.238 

.181 

20.00 

1.330 

.611 

.488 

.409 

.354 

.313 

.258 

. 195 

24.00 

1.418 

.690 

.556 

.468 

.406 

.360 

.296 

.22  4 

30.00 

1.544 

.802 

.652 

.552 

.481 

.427 

.352 

.265 

36.00 

1.665 

.907 

.744 

.633 

.553 

.492 

.406 

• 306 

42.00 

1.784 

1.008 

.832 

.712 

.623 

.555 

.459 

.346 
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DEFINITION  Q=KP^«T6-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR»FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPE  e F 
TG»  AVERAGE  EARTH  TEMPERATURE  * F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  Of  EARTH  KS=  7,500  BTU/HR * SG , FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KX=  ® 250  BTU/HR  » SO * FT * F / IN 

DEPTH  OF  PIPE  DPTH-  4 • OFT » 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OD (INCHES ) 

® 000 

1.000 

1,500 

2,000 

2*500 

3.000 

4,000 

6.000 

3,50 

® 981 

*229 

,179 

* 150 

,132 

.119 

.102 

*083 

4,50 

1*046 

.272 

. 212 

® 177 

a 1 54 

.139 

.118 

.095 

5®  56 

1*109 

.316 

® 245 

*204 

.177 

*159 

.134 

.107 

6®  62 

1.167 

*357 

*277 

.230 

*200 

*178 

.149 

.118 

7*62 

1*218 

« 394 

.306 

® 254 

*220 

.196 

.163 

.128 

8,62 

1 ® 266 

,429 

® 334 

a2?0 

*240 

.213 

.177 

. 138 

9*62 

1*313 

,464 

*362 

.301 

,260 

*230 

,191 

.148 

10 « 75 

1.364 

*502 

.392 

• 326 

.201 

.250 

*207 

. 160 

12  o 75 

1,450 

* 567 

.445 

* 370 

,319 

,283 

*233 

• 179 

14.00 

1*503 

,606 

.477 

*39? 

*343 

,303 

*250 

.191 

16,00 

1.585 

*667 

• 527 

© 439 

,379 

• 335 

,276 

.210 

18®  QG 

1*665 

® 726 

® 575 

,480 

,415 

*367 

• 302 

.229 

20  ® 00 

1,745 

® 783 

*823 

.521 

,451 

,399 

• 327 

.248 

24  b 00 

1 ® 903 

* 896 

,717 

.602 

,521 

,461 

.378 

.285 

30*00 

2 © 145 

1.062 

*858 

.720 

,624 

• 553 

,453 

.340 

36*00 

2.399 

1*227 

« 994 

*839 

*728 

.645 

.528 

.395 

42  e 0 0 

2 u 675 

1 o 397 

1*135 

*959 

e 833 

.738 

.604 

.450 
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DEFINITION  Q=KP* ( TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE.  F 
TP=  PIPE  TEMPERATURE  . F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  bTU/HR » SQ . FT . F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI  = .250  BTU/HR»SQ.FT»F/IN 


DEPTH  Oh  PIPE 


DPTH=  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES » KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OU l INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6 . n f)  0 

3 • So 

.890 

.224 

.176 

. 148 

.130 

. 118 

.101 

.083 

4 . SO 

.944 

.265 

.207 

.174 

.152 

.137 

.116 

. 094 

5.5b 

.995 

.306 

.239 

.200 

.174 

.156 

.132 

.105 

6.62 

1.041 

.344 

.269 

.225 

.196 

.175 

. 147 

. 116 

7 • 62 

1.082 

.378 

.296 

.248 

.215 

. 192 

. 161 

. 127 

6 • 62 

1.120 

.411 

.323 

.270 

.234 

.209 

.174 

. 136 

9.62 

1.156 

.443 

.349 

.291 

.253 

.225 

. 188 

. 146 

10.75 

1.195 

.477 

.377 

.315 

.273 

.243 

.202 

.157 

12.75 

1.260 

.535 

.425 

.356 

.309 

.275 

.228 

. 176 

14.00 

1.300 

.570 

.454 

.381 

.331 

.294 

.244 

.187 

16.00 

1.360 

.623 

.499 

.420 

• 365 

.324 

.268 

.205 

16.00 

1.418 

.674 

.543 

.457 

.398 

.354 

.292 

.223 

20.00 

1.475 

.724 

. 585 

.494 

.430 

.382 

.316 

.241 

24.00 

1.585 

.818 

. 667 

. 565 

.493 

.439 

.363 

.276 

30.00 

1.745 

.953 

.783 

. 668 

.585 

.521 

.432 

.327 

36.00 

1.903 

1.082 

.896 

.768 

.674 

.602 

.499 

.378 

42.00 

2.063 

1.208 

1.007 

• 866 

.761 

.681 

.565 

. 428 
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DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

0TU/HR ? FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  ? FT  OF  PIPE*  F 
TG»  AVERAGE  EARTH  TEMPERATURE » F 
TPs  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  earth  KSs  7.500  BTU/HR » SQ.FT rF/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K Is  * 250  BTU/HR  *SQ»FT*F/IN 

DEPTH  OF  PIPE  DPTHs  S.GFT, 


heat  transfer  factors  of  underground  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

(INCHES) 

OUUNCHES) 

.000 

1,000  1 

,500 

2,000 

2,500 

3.000 

4,000 

6*000 

3.50 

.836 

,221 

.173 

.147 

.129 

,117 

.100 

.082 

4.50 

.883 

,260 

® 204 

.172 

,150 

,135 

.115 

.093 

5.56 

.927 

,299 

.235 

,197 

® 172 

• 154 

.131 

.105 

6.62 

.967 

,335 

.264 

.221 

.193 

,173 

.145 

.115 

7.62 

1.002 

,368 

,290 

,243 

• 212 

.189 

.159 

. 125 

a. 62 

1.035 

.399 

,315 

,265 

,230 

.206 

,172 

.135 

9.62 

1.065 

. 429 

.340 

.285 

,248 

.221 

.185 

. 145 

10.75 

1.098 

» 461 

,367 

,308 

.268 

.239 

. 199 

. 155 

12.75 

1.154 

,515 

#412 

.347 

,302 

,269 

,224 

. 173 

14.00 

1.186 

,547 

.439 

,371 

« 323 

*2©8 

.239 

.185 

16.00 

1.236 

.596 

,481 

.407 

« 355 

,316 

.263 

.202 

18.00 

1,284 

.642 

» 522 

.442 

.386 

.344 

.286 

.220 

20.00 

1.330 

.687 

.561 

,477 

.41? 

.372 

,309 

.237 

24.00 

1.418 

® 772 

,635 

.543 

.476 

.425 

.354 

.270 

30.00 

1.544 

,890 

.740 

.636 

.560 

.502 

.418 

.319 

36.00 

1 « 665 

1,000 

.@39 

o 726 

,641 

,575 

.480 

.367 

42.00 

1,784 

1.107 

.935 

.812 

.719 

.647 

.542 

.414 

72 


SSHT - 34 


definition 

WHERE 


Q=KP* (TG-TP) 

Q = HEAT  TRANSFER  TO  PIPE 
HTU/HR  * FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR.FT  OF  PIPE » F 
TG=  AVERAGE  EARTH  TEMPERATURE  t F 
TP-  PIPE  TEMPERATURE  > F 


THERMAL 

conductivity 

of 

EARTH  KS=  7.500 

thermal 

conductivity 

OF 

insulation 

KI  = .300 

depth  oh 

pipe 

DPTH-  4. OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.981 

.264 

.208 

.176 

. 155 

. 140 

.121 

.099 

4.50 

1.046 

.312 

.245 

.207 

. 181 

.163 

.130 

.112 

5 • 5o 

1.109 

.360 

.283 

.237 

.207 

. 186 

.158 

.126 

6.62 

1.167 

.405 

.319 

. 267 

.233 

.208 

.176 

.139 

7.62 

1.218 

.446 

.351 

.294 

.256 

.229 

. 192 

. 152 

6.62 

1.266 

.485 

. 333 

.321 

.279 

.249 

.208 

. 164 

9.62 

1.313 

.522 

.413 

.347 

.301 

.269 

.224 

.175 

10.75 

1.364 

.563 

.447 

.375 

.326 

.290 

.242 

. 188 

12.75 

1.450 

.633 

.505 

.424 

.369 

.328 

.273 

.211 

14.00 

1.503 

.675 

.540 

.454 

.395 

.352 

.292 

.225 

16.00 

1.585 

.741 

.595 

.502 

• 436 

.388 

.322 

.247 

18.00 

1.665 

.804 

.649 

.548 

.477 

.424 

.351 

• 269 

20.00 

1.745 

.866 

.701 

.593 

.517 

.460 

.381 

.291 

24.00 

1.903 

.986 

.804 

.682 

.595 

.530 

.430 

. 334 

30.00 

2.145 

1.163 

.955 

.814 

.711 

.634 

.524 

.397 

36.00 

2.399 

1.340 

1.106 

.945 

.827 

.738 

.610 

.462 

42.00 

2.675 

1.523 

1.260 

1.079 

.946 

.844 

.698 

.526 
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SSHT=  3b 


DEFINITION  Q=KP*(T6“TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  r FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR  t FT  OF  PIPE*  F 
TO-  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  * F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS= 

7.500 

BTU/HR* SO .FT  rF/IN 

THERMAL 

CONDUCTIVITY 

OF 

INSULATION 
KI  = 

.300 

BTU/HR *SQ. FT  *F/IN 

DEPTH  Of- 

PIPE 

DPTHr 

6. OFT 

• 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

insulation  thickness 

( INCHES) 

UDI INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.890 

.257 

.204 

.173 

.153 

.138 

.119 

.098 

4.50 

.944 

.302 

.239 

.202 

.178 

.160 

.137 

.111 

5.55 

.995 

.347 

.275 

.232 

.203 

.183 

.155 

. 125 

6.62 

1.041 

.389 

.308 

.260 

.227 

.204 

.172 

.137 

7.62 

1.082 

.426 

.339 

.286 

.250 

.224 

.188 

. 149 

6.62 

1.120 

.461 

. 363 

.310 

.271 

.243 

.204 

. 161 

9.62 

1.156 

.495 

.396 

.335 

.292 

.261 

.219 

.172 

10.75 

1.195 

.532 

o 427 

.361 

.315 

.282 

.236 

.185 

12.75 

1.260 

.594 

.480 

.406 

.355 

.317 

.265 

.20b 

14.00 

1.300 

.631 

.511 

.434 

.379 

.339 

.283 

.220 

16.00 

1.360 

.687 

.560 

.477 

.417 

.373 

.311 

.241 

18.00 

1.418 

.741 

.607 

.518 

,454 

.406 

.339 

.261 

20.00 

1.475 

,794 

.653 

.558 

.490 

.438 

.366 

.282 

24.  OU 

1.585 

.893 

.741 

.636 

.560 

.502 

.419 

.322 

30.00 

1.745 

1,034 

. 066 

.748 

.660 

.593 

.496 

.381 

36.00 

1.903 

1.169 

.986 

. 856 

.758 

.682 

.572 

.439 

42.00 

2.063 

1.301 

1.104 

.962 

.854 

.770 

.646 

.496 
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DEFINITION  g=kp*(tg-tp) 

tfvhERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR»FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR  * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  t F 
T P=  PIPE  TEMPERATURE  * F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS= 

7. SOU 

BTU/HR  * SO .FT  » F/ I N 

THERMAL 

CONDUCTIVITY 

OF 

INSULATION 
KX  = 

.300 

BTU/HP*SQ.FT#F/IN 

DEPTH  0(- 

PIPE 

DPTH= 

8 « OFT 

nEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE  INSULATION  THICKNESS  (INCHES) 


0D( INCHES) 

.000 

1.000 

1.500 

2.000 

^•500 

3.000 

4.000 

6*000 

3.50 

.836 

.253 

.201 

.171 

.151 

.137 

.118 

.097 

4.50 

.883 

.296 

.235 

.199 

.175 

.158 

.136 

.110 

5.56 

.927 

.338 

.269 

.228 

.200 

. 180 

.153 

. 123 

6.62 

.967 

.378 

.302 

.255. 

.224 

.201 

.170 

.136 

7 . 62 

1.002 

.413 

.331 

« 280 

.245 

.220 

.186 

. 148 

8.62 

1.035 

.446 

.358 

.303 

.266 

.238 

.201 

. 159 

9.62 

1.065 

.478 

.385 

.327 

.286 

.256 

.216 

.170 

10.75 

1.098 

.512 

.414 

.352 

.308 

.276 

.232 

. 182 

12.75 

1.154 

.569 

.463 

.395 

.346 

.310 

.260 

.203 

14.00 

1 . 186 

.603 

.493 

.420 

.369 

.331 

.277 

• 21b 

16.00 

1.23b 

.654 

.538 

.460 

.405 

.363 

.304 

.237 

16.00 

1.284 

.703 

.581 

.499 

.439 

.394 

.331 

.256 

20.00 

1.330 

.750 

.623 

.536 

.473 

.425 

.356 

.276 

24.00 

1.416 

.837 

.702 

.607 

.537 

.484 

.M06 

.314 

30.00 

1.544 

.960 

.813 

.708 

.629 

.568 

.478 

. 370 

36 .00 

1.665 

1.074 

.918 

.804 

.717 

.649 

.548 

.424 

42.00 

1.784 

1.184 

1.019 

.896 

.802 

.727 

.616 

.477 
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DEFINITION  Q=KP*  « T 6“TP  ) 

WHERE  Q “ HEAT  TRANSFER  TO  PIPE 

BTU/HR  9 FT  OF  PIPE 
K P=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG-  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR* SQ.FT »F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  .350  BTU/HRf SQ.FT. F/IN 

DEPTH  OF  PIPE  DPTHr  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES.  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OD ( INCHES ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.981 

.297 

.236 

.201 

.177 

.161 

.139 

.114 

4.50 

1.046 

.349 

.277 

.235 

.207 

.186 

.160 

. 130 

5 . 56 

1.109 

.400 

.318 

.269 

.236 

.212 

.181 

. 145 

6.62 

1.167 

.449 

.357 

.302 

.264 

.237 

.201 

.160 

7 . 62 

1.218 

.492 

.393 

.332 

.290 

.260 

.220 

.174 

8.62 

1.266 

.534 

.427 

.361 

.316 

.283 

.238 

. 188 

9.62 

1.313 

.574 

.460 

e 389 

.340 

.305 

.256 

.201 

10.75 

1.364 

.617 

.497 

.420 

.368 

.329 

.276 

.216 

12.75 

1.450 

.691 

.559 

.474 

.415 

.371 

.310 

.242 

14.00 

1.503 

.735 

.597 

.507 

.444 

.397 

.332 

.258 

16.00 

1.585 

• 804 

.656 

.558 

.489 

.437 

.365 

.283 

18.00 

1.665 

.871 

.713 

.609 

.534 

.477 

.398 

.307 

20.00 

1.745 

.936 

.770 

.658 

.577 

.517 

.431 

.332 

24.00 

1.903 

1.063 

.879 

.754 

. 663 

.594 

.495 

.380 

30.00 

2.145 

1.248 

1.041 

.897 

.790 

.708 

.591 

.453 

36.00 

2.399 

1.435 

1.203 

1.039 

.917 

.823 

.687 

.525 

42.00 

2.675 

1.627 

1.369 

1.185 

1.047 

.940 

.785 

.598 
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bSIfi 


DEFINITION  Q=KP*(TG-TP) 

WHERE  G = HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER 

BTU/HR  » FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPER  AT'  'RE  » F 
TP-  PIPE  TEMPERATURE  r F 

THERMAL  CONDUCTIVITY  of  EARTH  KS=  7,500  BTU/HR #SG. A T . 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  .350  BTU/ HR 

DEPTH  OF  PIPE  DPTH=  6. oft. 


heat  transfer  factors  of  underground  pipes#  KP 


PIPE  SIZE 

insulation  thickness 

( INCHES) 

uu ( inches ) 

. 000 

1.000 

1 . 500 

2.000 

2.500 

3.000 

U « . ••  ■ j i 

0.50 

.890 

.288 

.230 

.197 

.174 

.156 

. i 5 

4.50 

.944 

.336 

.269 

.229 

.202 

.185 

. i 

5 . 56 

.995 

.384 

.308 

.262 

.230 

. 20  8 

.17' 

6 . 62 

1.041 

.429 

.344 

.293 

,257 

.232 

- 197 

7.62 

1.082 

.468 

.377 

.321 

.282 

.254 

. 2: 1 5 

6 » o 2 

1.120 

.506 

.409 

.348 

• 30b 

* 2 1 

. 23  ’ 

9.62 

1.156 

.541 

.439 

.374 

.329 

.295 

, 2 4 

10.75 

1.195 

.580 

.472 

.403 

.354 

. 3 1 a 

r CJ  • 

12.75 

1.260 

.645 

.528 

.452 

.398 

« 357 

f;  7 

14.00 

1.300 

.683 

.562 

.482 

.424 

.361 

*S  1 l 

16.00 

1.360 

.742 

.614 

.528 

.465 

.418 

. 5 5 2 

18.00 

1.418 

.798 

.664 

.572 

.505 

.454 

187 

20.00 

1.475 

.852 

.712 

.615 

. 544 

. 4 ° 0 

.41 

24.00 

1.585 

.955 

.804 

.698 

.619 

* D 5 P 

, n 7 

30.00 

1.745 

1.101 

.936 

.817 

, 728 

. 6 5 c 

. '-S' 

36.00 

1.903 

1.240 

1.063 

.932 

,833 

• ' > 

42.00 

2.063 

1.377 

1.187 

1.045 

.936 

, Rue; 

* * ' 1 ' 
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SSHT  = 39 


DEFINITION  Q-KP*( TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

btu/hr»ft  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


RTU/HR  * FT  OF  PIPE*  F 
T6=  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  * F 


THERMAL 

conductivity 

OF 

EARTH  K S- 

7.500 

dtu/hr»sq.ft»f/in 

THERMAL 

conductivity 

OF 

insulation 

KI  = 

. 350 

bTU/HR * SO • FT  rF/IN 

DEPTH  Of- 

PIPE 

DPTH= 

Q.OFT 

• 

heat  transfer  factors  of  underground  pipes*  kp 


PIPE  SlZt 

INSULATION  THICKNESS 

( INCHFS) 

UD ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.836 

.282 

.226 

.194 

. 172 

. 156 

.135 

. 112 

4.50 

.083 

.328 

.264 

.225 

. 199 

. 181 

.155 

. 127 

5 . 5o 

.927 

.374 

.301 

.257 

.227 

.205 

. 175 

. 142 

b • 62 

.967 

.416 

.336 

.286 

.253 

.228 

.194 

. 156 

7 • 62 

1.002 

.453 

.367 

.313 

.276 

.249 

.211 

. 1 69 

6 • 62 

1.035 

.407 

.397 

.339 

.299 

.269 

.228 

. 1 02 

9.62 

1.065 

.521 

.426 

* 364 

.321 

.289 

.245 

. 194 

10.75 

1 . 096 

. 556 

.456 

.391 

. 345 

.311 

.263 

.200 

12.7b 

1 .154 

.615 

.509 

.437 

. 386 

.348 

.29  4 

.232 

14 .00 

1 . 106 

.650 

.540 

• 465 

.411 

.371 

.313 

.246 

16.00 

1.23b 

.704 

.587 

• 508 

.450 

.406 

.343 

.269 

16.00 

1.284 

.754 

*633 

.549 

.407 

.440 

.372 

.291 

20.00 

1.330 

.802 

.676 

.588 

.523 

.473 

.400 

.313 

24 .00 

1.416 

.092 

.759 

» 664 

.592 

.536 

.454 

. 355 

30.00 

1.544 

1.017 

.875 

.770 

.690 

.627 

.533 

.417 

36 .00 

1.665 

1.134 

.904 

.871 

.783 

.713 

.609 

.477 

42.00 

1.704 

1.247 

1 . 000 

.968 

.874 

. 797 

.602 

.536 
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SSHTr  ur 

DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP-  PIPE  heat  transfer  FACTOR 
HTU/HR  r FT  OF  PIPE.  F 
TG-  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  . F 


thermal 

conductivity 

OF 

EARTH  KS=  7.500 

PTU/HR  * SO . FT  » E/ I N 

THERMAL 

conductivity 

OF 

insulation 

Kir  .400 

BTU/HR* SQ.FT rP/IN 

DEPTH  OE 

PIPE 

DPT Hr  4. OFT 

• 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

(INCHES) 

UDl INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4 . 0 0 0 

' • 

3.50 

.981 

.327 

.262 

.224 

. 199 

.181 

. 1 56 

- 1 ~ '• 

4.50 

1 . 04b 

.382 

.306 

« 26 1 

.231 

.209 

.170 

0 i -to 

5 • 5o 

1.109 

.437 

.351 

.299 

.263 

.238 

.203 

. 1 0 9 

o • 62 

1 . 167 

.488 

.393 

.334 

.294 

.265 

.225 

» 1 8 i 

7 • 62 

1.216 

.534 

.431 

.367 

.323 

.290 

. 2 4 f 

. 1 or 

8.62 

1 • 2 bb 

.577 

.468 

.398 

.350 

.315 

.266 

.217 

9 • 62 

1.313 

.619 

.503 

.429 

.377 

.339 

.286 

, 2 

10.75 

1.364 

.665 

.542 

.462 

.407 

.365 

. 308 

« 2* 

12.75 

1.450 

,742 

.608 

.520 

.458 

.4  11 

. 34f 

> "• 

1 4 . 0 0 

1.503 

.788 

.648 

.555 

.489 

.439 

. 37.9 

l •’ 

lb.  00 

1.585 

.860 

.711 

.610 

.538 

.483 

. 4 0 6 

.5!? 

18.00 

1 . 665 

.929 

.771 

.664 

. 58b 

.527 

.44? 

• 34 

20.00 

1.745 

.997 

.831 

.716 

.633 

.569 

. 4 78 

c * 

24.00 

1.903 

1.128 

.946 

.819 

.725 

.653 

, 54  0 

> 4 

30.00 

2.145 

1.321 

1.117 

.971 

.862 

.777 

,65'’' 

• 5" 

36.00 

2.399 

1.515 

1.287 

1 .123 

.998 

.901 

. 758 

* ' 3 ; > 

42.00 

2.675 

1.716 

1.463 

1.279 

1.138 

1.028 

.866 

. 6f 
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SENT  - 4 1 


bLFlNlTiON 
W ML  RE 


THERMAL  CONDUCT  I VI 
THERMAL  COimuUCTIVI 

DEPTH  Or  PIPE 


Q-KP+ ( TG-TP) 

Q = HEAT  TRANSFER  TO  PIPE 

BTU/HRrFT  OF  PIPE 

KP  = PIPE  HEAT  TRANSFER  FACTOR 

RTU/HR  > FT  OF  PlPEr  F 

TGz  AVERAGE  EARTH  TEMPERATURE  t F 

TP-  PIPE  TEMPERATURE  » F 

TY  OF  EARTH  KS=  7.500  bTU/HR » SQ . F T » F / I N 

TY  OF  INSULATION 

KI=  .400  BTU/HR  » SO . RT » F / I N 

OPTH=  6. oft. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES  r KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OL ( INCHES ) 

l 

O j 

1 o 

O 1 

§ . 

! 1 

! 1 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • bU 

.890 

.316 

.255 

.219 

. 195 

.177 

.154 

. 127 

4 . 5u 

. 944 

.368 

.297 

.254 

.225 

.205 

.176 

. 144 

b . 5o 

.99b 

.418 

.338 

• 290 

.256 

.232 

.199 

. 161 

o • 62 

1 . 041 

.465 

.378 

.323 

.286 

.258 

.220 

.178 

7 • 62 

1.082 

.506 

.413 

.353 

.312 

.282 

.240 

. 102 

6.62 

1 . 12U 

.545 

.446 

.382 

.338 

.305 

.250 

.207 

9 . b^ 

1 . Ibb 

.582 

.478 

.411 

.363 

.327 

.278 

.221 

1 U . 7b 

1 . 19b 

.622 

.513 

.441 

.390 

.352 

.298 

.237 

12.7b 

1.260 

.689 

.572 

.494 

.437 

.394 

. 334 

.264 

14  » OU 

1 . boo 

.726 

.60  7 

.525 

.465 

.420 

.356 

.280 

1 b • 0 U 

1 . bbO 

.789 

. 662 

.574 

.509 

.460 

.390 

. 306 

lb.0  J 

1.41b 

.647 

.714 

.621 

.552 

.499 

.423 

. 3 32 

lO  . 00 

1.47b 

.902 

.764 

» 666 

.593 

.537 

.455 

. 357 

24 .00 

1 .b8b 

1 .008 

.860 

.754 

.673 

.610 

.518 

.406 

30. OU 

1.74b 

1.157 

.997 

.879 

. 786 

.716 

.610 

.478 

3b  • 0 0 

1 .90b 

1.300 

1.128 

.999 

.699 

.819 

.69Q 

.549 

42.00 

2 . Obb 

1.440 

1.257 

1.118 

1 .008 

.92  0 

.787 

.619 
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SSHT=  42 


definition  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

btu/hr,ft  of  pipe 
kp=  pipe  heat  transfer  factor 

BTU/HR  t F T OF  PIPE*  F 
TG=  average  EARTH  TEMPERATURE*  f 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR f SO . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .400  BTU/HR »SG. FT  * FV  I N 


DEPTH  OF  PIPE 


DPTH=  A. OFT. 


HEAT  TRANSFER  FACTORS  of  UNDERGROUND  PIPES*  KP 


PIPE  SI  It. 

INSULATION  THICKNESS 

( INCHES) 

OD ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4 .000 

6.00  0 

3.50 

.836 

.309 

.250 

.215 

. 192 

. 175 

.15? 

. 1.  2 6 

4.50 

.863 

.358 

.291 

.250 

.222 

.202 

.174 

.143 

5. 5b 

.927 

.405 

.330 

.284 

.251 

.228 

.196 

.159 

6.62 

.967 

.449 

.367 

.316 

.280 

.253 

.217 

.175 

7 . o 2 

1.002 

.488 

.400 

.344 

.305 

.276 

.236 

.190 

8.62 

1.035 

.524 

.432 

.372 

.330 

.298 

.254 

.204 

9.62 

1 . 065 

.550 

.462 

.399 

.353 

.320 

.272 

.218 

10.75 

1.098 

.595 

.494 

.427 

.379 

. 343 

.292 

.2  33 

12.7b 

1.154 

.656 

.549 

.476 

.423 

.383 

.326 

.259 

14.00 

1 . 186 

.691 

.581 

.505 

.450 

.407 

.347 

.2  75 

16.00 

1.236 

.746 

.631 

.550 

.491 

.445 

.379 

. 300 

18.00 

1.284 

.797 

.678 

.593 

.530 

.481 

.410 

. 324 

20 .00 

1.330 

.846 

.723 

.635 

.568 

.516 

. 440 

. 348 

24.00 

1.418 

.938 

.808 

.714 

.641 

.584 

.49<=> 

. *94 

30.  OU 

1 . 544 

1.065 

.928 

.824 

.744 

.680 

.583 

.461 

36.00 

1 . 665 

1.184 

1.040 

.929 

.842 

.771 

.664 

.527 

42.00 

1.784 

1.298 

1.147 

1 . 030 

.936 

. 860 

.742 

. 590 
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SSHTr 


4 3 


DEFINITION  Q-KP* ( T 6 — T P ) 

WHERE.  0 = HEAT  TRANSFER  TO  PIPE 

UTU/HR.FT  OF  PIPF 

KP-  PIPE  heat  transfer  factor 
HTU/HR  t F T OF  PIPE*  F 
TG-  AVERAGE  EARTH  TEMPERATURE  » F 
IP-  PIPE  TEMPERATURE  * F 

THERMAL  conduct IVlTr  OF  earth  KS=  7.500  B TU / HR  * SQ • F T * f / i n 
thermal  conductivity  of  insulation 

KI=  .650  BTU/HRrSQ.FTrF/IN 


UEPIP  OF  PIPE 


DPTH- 


4.  OFT. 


MEAT  transfer  factors  of  underground  PIPES*  KP 


P 1 PE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

D ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.981 

.448 

.373 

. 326 

.294 

.270 

.237 

.200 

4.50 

1 . 04b 

.515 

.430 

.376 

.338 

.310 

.271 

.225 

5 • bo 

1 .109 

.580 

.486 

.425 

.381 

.349 

.304 

.251 

o . b2 

1.167 

.639 

.538 

.471 

.423 

.387 

.335 

.276 

7 . o2 

1.21b 

.692 

.584 

.512 

.460 

.421 

• 364 

.208 

8 . bZ 

1 . 2bb 

.741 

.629 

.552 

.496 

.453 

.392 

. 320 

9.oZ 

1.313 

.789 

.672 

*590 

.531 

.485 

.420 

. 34  1 

1 0 e 7 O 

1 . 364 

.840 

.718 

.632 

.569 

.520 

.450 

. 365 

12.75 

1.450 

.926 

.796 

.704 

.634 

. 580 

.501 

.405 

14.00 

1.503 

.977 

.843 

.747 

.674 

.617 

.533 

.430 

1 0 • 0 0 

1 . 585 

1 , 056 

.916 

.814 

.736 

.674 

.582 

.470 

18.00 

1 • 665 

1.133 

.987 

.879 

, 796 

. 730 

.631 

.508 

20 .00 

1.745 

1.207 

1.056 

.942 

.854 

. 784 

.670 

. 546 

24.00 

1.903 

1.352 

1 . 190 

1 . 067 

.970 

.891 

.773 

.622 

50.00 

2.145 

1.566 

1 . 388 

1.250 

1 . 140 

1 . 050 

.912 

.7  34 

3b . 00 

2.399 

1.783 

1.588 

1.434 

1.311 

1.210 

1 .052 

. 84  7 

42. Ou 

2.675 

2.011 

1.796 

1.626 

1.488 

1 .374 

1 . 197 

. 063 
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SSHT - 4 4 


DEFINITION  Q = KP*(TG-TP) 

WHERE;  Q = HEAT  TRANSFER  TO  PIPE 

RTU/HR  » FT  OF  PIPE 
KP  = PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPF*  F 
T6-  AVERAGE  EARTH  TEMPERATURE  * F 
TP-  PIPE  TEMPERATURE  * F 

[HEkMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR * SQ . r T . F/ I rj 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .650  HTU/HR»SQ.FT»F/IN 


DEPTH  Of-  PIPE 


DPTHr  6. OFT. 


MEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SlZc 

INSULATION  THICKNESS 

( INCHES) 

OD ( INCHES) 

.000 

1,000 

1.500 

2.000 

2.500 

3.000 

4,00  n 

6 . 0 r 

3.50 

.890 

.428 

.359 

.316 

.285 

.263 

.232 

. 195 

4.50 

.944 

.489 

.412 

.362 

.326 

.300 

.263 

*22  0 

5.5b 

.995 

.547 

.462 

.407 

.367 

.337 

.294 

.24  5 

0.62 

1.041 

.599 

.510 

.449 

.405 

.372 

.324 

. 268 

7 • 62 

1.082 

.645 

.551 

.486 

.439 

.403 

.351 

• 28b 

8.b2 

1 . 120 

.688 

.590 

.522 

.472 

.433 

. 377 

. 309 

9.b2 

1 . 15b 

,729 

.628 

,556 

.503 

.462 

.402 

. 329 

10.75 

1 e 195 

.772 

.668 

.593 

.537 

.493 

.42° 

. 3 5 1 

12.75 

1.260 

.844 

.735 

.656 

.595 

.547 

.476 

.389 

14.00 

1.300 

.887 

.775 

.693 

.630 

. 57b 

. 505 

• 4 1 c 

16.00 

1.360 

.951 

.836 

.750 

.683 

.629 

. 54b 

.449 

1 b . 0 0 

1.418 

1.013 

.894 

,804 

. 734 

.677 

. 591 

.482 

20.00 

1.475 

1.071 

.950 

.857 

. 784 

.724 

.633 

.516 

24.00 

1.585 

1.183 

1.056 

.958 

.879 

.814 

.713 

. 68  3 

30.00 

1.745 

1.341 

1.207 

1 .101 

1.014 

.942 

. 82b 

.67b 

3b. 00 

1.903 

1.492 

1.352 

1.239 

1.145 

1 .067 

. b4  2 

.7  73 

42.00 

2.063 

1.642 

1.495 

1.374 

1.274 

1.189 

1 . 053 

. 866 
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SSHTr 


4 5 


definition 


Q=KP* ( TG"TP) 


WHERE  Q - 

KP= 

T 6- 
TP- 

THErMAL  conductivity  OF 
thermal  conductivity  of 


HEAT  TRANSFER  TO  PIPE 
BTU/HR,FT  OF  PIPE 

pipe  heat  Transfer  factor 

BTU/HR  t F T OF  PIPE*  F 

AVERAGE  EARTH  TEMPERATURE#  F 

PIPE  TEMPERATURE  * F 

EARTH  KS=  7.500  BTU'/MR  » SO  . FT  » F/ IN 

INSULATION 

KI=  .650  BTU/HR * SO. FT »F/ IN 


UEPiH  OF  PIPE 


DPTH-  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES”  KP 


PIPd  SIZc. 

INSULATION  THICKNESS 

( INCHES) 

U D ( INCmES ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

. 63b 

.415 

.350 

.309 

.280 

.258 

• 22  ° 

. 1 93 

4.50 

.663 

.472 

.400 

.352 

.319 

.294 

.258 

• 217 

3 . 5o 

.927 

.526 

.447 

.395 

.357 

.329 

.288 

*24  0 

6.62 

.967 

.574 

.491 

.435 

.393 

.362 

.317 

.263 

7 • b<d 

1 .002 

.616 

.530 

.470 

.425 

.391 

.342 

.283 

6 . bed 

1 . 03b 

.655 

• 566 

• 503 

.456 

.420 

.367 

. 303 

9.62 

1 . 063 

.692 

.60  0 

.534 

.485 

.447 

. 39  0 

. 322 

10.75 

1 . 096 

. 731 

.637 

» 568 

.517 

.476 

.416 

. 34  2 

12.75 

1 . 154 

.795 

.697 

.625 

. 570 

.526 

.460 

. 378 

14.00 

1 . 18b 

.833 

.733 

.659 

. b02 

.556 

.487 

. ^99 

lb . UU 

1.23b 

.889 

.788 

.711 

♦ 65u 

.601 

.527 

.433 

16.00 

1 .284 

.942 

.839 

* 759 

.696 

.645 

.567 

.465 

20 . 00 

1.33  0 

.993 

.888 

. 806 

. 741 

.687 

.605 

.4  97 

24 .00 

1.418 

1.087 

.980 

.894 

.823 

. 767 

.677 

.558 

30. Qu 

1.544 

1.219 

1 .107 

1.017 

.943 

.e8o 

.781 

*64  6 

3b » 0 0 

1 . 665 

1.342 

1.227 

1.133 

1.054 

» 987 

.070 

.730 

42.  Ou 

1 . 784 

1.460 

1.342 

1.244 

1 . 161 

1 . 090 

.974 

.811 

SSHT=  46 


definition  q=kp*(tg-tp) 

INHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR.FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HRrFT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  t F 
TP"  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR » SO . FT , F/ IN 
THERMAL  CONDUCTIVITY  OF  INSULATION 

KI  = 1.000  btu/hr»sq.ft»f/in 

DEPTH  OP  PIPE  DPTH-  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPESr  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1,000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.981 

. 566 

.489 

.438 

.402 

.374 

.335 

.287 

4.50 

1.046 

.639 

.555 

.498 

.456 

.424 

.378 

.322 

5*56 

1.109 

.709 

.619 

.556 

.510 

.473 

.421 

.357 

6.62 

1.167 

.773 

.678 

.610 

.560 

.520 

.462 

.390 

7.62 

1.218 

.829 

.730 

.658 

.604 

.561 

.498 

.420 

8.62 

1.266 

.881 

.779 

.704 

.647 

.601 

.533 

.448 

9.62 

1 .313 

.931 

.826 

.748 

.688 

.640 

.568 

.476 

10.75 

1.364 

.985 

.877 

.796 

.733 

.682 

.605 

.507 

12.75 

1.450 

1.075 

.963 

.877 

.809 

.754 

.669 

.560 

14.00 

1.503 

1.129 

1.014 

.926 

.855 

.797 

.708 

.593 

16.00 

1.585 

1.211 

1.093 

1.001 

.926 

.865 

.769 

.644 

16.00 

1 . 665 

1.291 

1.170 

1.074 

.995 

.930 

.829 

.694 

20.00 

1.745 

1,369 

1.244 

1.145 

1.063 

.995 

.887 

.743 

24.00 

1.903 

1.522 

1.390 

1.284 

1.195 

1.121 

1.002 

.839 

30.00 

2.145 

1.748 

1.606 

1.489 

1.391 

1.307 

1.172 

.984 

36.00 

2.399 

1.980 

1.826 

1.698 

1.590 

1.496 

1.344 

1.130 

42.00 

2.675 

2.225 

2.058 

1.917 

1.797 

1.694 

1.524 

1.282 

85 


SSHT  ~ 42 


OE.F  I NITION  Q=KP*(TG-TP) 

WHERE  G = HEAT  TRANSFER  TO  PIPE 

BTU/HR  # FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR t FT  OF  PIPE  # F 
T6=  AVERAGE  EARTH  TEMPERATURE  * F 
TP~  PIPE  TEMPERATURE  # F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7,500  BTU/HR# SQ.FT #F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I “ ,400  BTU/HR » SQ.FT  »F/IN 

DEPTH  OF  PIPE  DPTH-  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OD (INCHES i 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.836 

.309 

.250 

.215 

. 192 

.175 

.152 

. 126 

4.50 

• 833 

.358 

.291 

.250 

.222 

.202 

.174 

.143 

b • 56 

.927 

.405 

.330 

.284 

.251 

.228 

.196 

.159 

6.62 

.967 

.449 

.367 

.316 

.280 

.253 

.217 

.175 

7.62 

1,002 

.488 

.400 

.344 

,305 

.276 

.236 

. 190 

8.62 

1.035 

,524 

e 432 

,372 

.330 

.298 

,254 

.204 

9.62 

1.065 

.558 

.462 

.399 

.353 

.320 

.272 

.218 

10,75 

1.098 

.595 

.494 

.427 

,379 

.343 

.292 

.233 

12.75 

1.154 

.656 

.549 

0 476 

.423 

.383 

.326 

.259 

14.00 

1.186 

.691 

.581 

.505 

.450 

.407 

.347 

.275 

16  ® 00 

1,236 

.746 

,631 

.550 

,491 

.445 

.379 

.300 

18.00 

1,284 

.797 

.678 

.593 

.530 

• 481 

.410 

.324 

20.00 

1,330 

.846 

.723 

.635 

,568 

.516 

.440 

.348 

24.00 

1.418 

.938 

.808 

.714 

.641 

.584 

.499 

.394 

30.00 

1,544 

1.065 

.928 

.824 

.744 

. 680 

.583 

.461 

36.00 

1.665 

1,184 

1.040 

.929 

.842 

.771 

.664 

.527 

42.00 

1.784 

1,298 

1.147 

1.030 

.936 

• 860 

.742 

.590 

86 


SSHT=  43 


DLFINITION  Q=KP*<TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR*FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR»FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
IP-  PIPE  TEMPERATURE  * F 


THERMAL 

conductivity 

OF 

EARTH  K S~ 

7.500 

BTU/HR  * SO . rT  * F / I N 

THERMAL 

CONDUCTIVITY 

OF 

INSULATION 

K I - 

.650 

BTU/HR  * SO .FT  * F/ IN 

DEPTH  Of- 

PIPE 

DPTH  = 

4 .OFT 

9 

MEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZc. 

INSULATION  THICKNESS 

( INCHES) 

0U( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

1 O 1 

O 1 

1 o 
. 1 

1 vC 

1 1 

3.50 

.981 

.448 

.373 

.326 

.294 

.270 

.237 

. 20n 

4.50 

1.046 

.515 

.430 

.376 

.338 

.310 

.271 

.225 

5 • 5b 

1.109 

.580 

.486 

.425 

.381 

.349 

. 304 

.251 

6.62 

1.167 

.639 

.538 

.471 

.423 

.387 

. 335 

• 276 

7.62 

1.218 

.692 

.584 

.512 

.460 

.421 

.364 

.298 

6.62 

1 . 266 

.741 

.629 

.552 

.496 

.453 

.392 

. 320 

9.o2 

1.313 

.789 

.672 

.590 

.531 

.485 

.420 

. 341 

10.75 

1 . 364 

.840 

.718 

.632 

.569 

.520 

.450 

. 365 

12.75 

1.450 

.926 

.796 

.704 

.634 

.580 

.501 

.405 

14. OU 

1.503 

.977 

.843 

.747 

.674 

.617 

.533 

.430 

16.00 

1 . 565 

1.056 

.916 

.814 

.736 

.674 

. 582 

.470 

16.00 

1 . 665 

1.133 

.987 

.879 

.796 

.730 

.631 

.508 

20.00 

1.745 

1.207 

1.056 

.942 

.854 

.784 

. 67Q 

. 546 

24.00 

1.903 

1.352 

1.190 

1.067 

.970 

.891 

.773 

*622 

30.00 

2.145 

1.566 

1.388 

1.250 

1 . 140 

1.050 

.912 

. 734 

36.00 

2.399 

1.783 

1.588 

1.434 

1.311 

1.210 

1.052 

. 84  7 

42. OU 

2.675 

2.011 

1.796 

1.626 

1.488 

1.374 

1 . 197 

• 963 
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SSHT"  44 


DEFINITION 

ahERE 


thermal  conductivity 

THERMAL  CONDUCTIVITY 


Q=KP* ( TO-TP) 

Q - HEAT  TRANSFER  TO  PIPE 
BTU/HR  , FT  Of-  PIPE 

K Pr  PIPE  heat  transfer  factor 

BTU/HR » FT  OF  PIPE,  F 
TGr  AVERAGE  EARTH  TEMPERATURE 
TP-  PIPE  TEMPERATURE  - F 
OF  EARTH  K S-  7.500  HTU/HR , 
OF  INSULATION 


► F 


SQ.FT, F/ IN 


Kir  .650  BTU/HR » SO. FT. F/ IN 


DEPTH  Or  PIPE 


DPT Hr  6. OFT. 


Ht AT  TRANSFER  FACTORS  OF  UNDERGROUND  pipes,  KP 
PIPE  SIZE  INSULATION  THICKNESS  (INCHES) 


UU ( INCHES ) 

.000 

1.000 

1 .500 

2.000 

2 . 500 

3. 0C0 

4 .000 

6.000 

3.50 

.890 

.428 

.359 

.316 

.285 

.263 

.232 

. 195 

4.50 

.944 

.489 

.412 

.362 

. 326 

,300 

.263 

.22  0 

5 * 5o 

.995 

.547 

.462 

.407 

. 367 

. 337 

.294 

.24  5 

o • 62 

1.041 

.599 

.510 

.449 

.405 

.372 

.324 

.268 

7 • 62 

1 . 082 

.645 

.551 

.486 

.4  39 

.403 

.351 

.289 

8 • o2 

1 . 120 

.688 

.590 

.522 

.4  72 

,433 

.377 

. 309 

9.62 

1.156 

.729 

.628 

.556 

. 503 

• 4 62 

.402 

. 329 

10.75 

1 . 195 

.772 

.668 

.593 

.537 

.493 

.42° 

. 351 

12.76 

1 .260 

.844 

.735 

• 656 

. 595 

.547 

.476 

. 38Q 

14.00 

1 . 30 U 

.887 

.775 

.693 

.630 

,579 

.505 

.412 

lb. 00 

1 .360 

.951 

.836 

.750 

.683 

.629 

. 54Q 

.447 

18.00 

1.418 

1.013 

.894 

.804 

. 734 

.677 

.591 

.482 

20.00 

1.475 

1.071 

.950 

.857  . 

. 784 

. 724 

.633 

.516 

^4.00 

1.585 

1 . 183 

1.056 

.958 

. 879 

,814 

.713 

.58  2 

50.0  o 

1.745 

1.341 

1.207 

1 .101 

1.014 

.9^2 

.820 

.679 

5b.  00 

1.903 

1.492 

1.352 

1.239 

1 . 145 

1 . 067 

.942 

, 773 

42.00 

2.065 

1.642 

1.495 

1.374 

1.274 

1.189 

1 . 05^ 

»866 
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SSHT=  45 


definition 

where 


Q=KP* (Tb-TP) 

0 = HEAT  TRANSFER  TO  PIPE 
BTU/HR  » FT  OF  PIPE 
KPx  PIPE  HEAT  TRANSFER  FACTOR 
RTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE * F 
TP=  PIPE  TEMPERATURE  * F 


thermal 

conductivity 

OF 

EARTH  KS=  7.500 

THERMAL 

conductivity 

OF 

INSULATION 

Kl=  ,650 

DEPTH  OR 

PIPE 

DPTH-  3. OFT 

heat  transfer  factors  of  underground  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.836 

.415 

.350 

.309 

.280 

.258 

.228 

. 193 

4.50 

.883 

.472 

.400 

.352 

.319 

.294 

.258 

.217 

5 • 5b 

.927 

.526 

.447 

. 395 

.357 

.329 

.288 

.240 

6.62 

.967 

.574 

.491 

.435 

.393 

.362 

.317 

.263 

7 . 62 

1.002 

.616 

.530 

.470 

.425 

.391 

.342 

.283 

8 . 62 

1.035 

.655 

. 566 

.503 

.456 

.420 

.367 

.303 

9.62 

1.065 

.692 

.600 

.534 

.485 

.447 

.390 

.322 

10.75 

1.098 

.731 

.637 

» 568 

,517 

.476 

.416 

.342 

12.75 

1.154 

.795 

.697 

.625 

.570 

.526 

.460 

.378 

14.00 

1.186 

.833 

.733 

.659 

.602 

.556 

.487 

.399 

16.00 

1.23b 

.889 

.788 

.711 

.650 

.601 

.527 

.433 

18.00 

1.284 

.942 

.839 

.759 

.696 

.645 

.567 

• 465 

20.00 

1.330 

.993 

.888 

.806 

.741 

.687 

.605 

.497 

24.00 

1.418 

1.087 

.980 

.894 

.825 

.767 

.677 

.558 

3 0 . 0 0 

1.544 

1.219 

1.107 

1.017 

.943 

.880 

.781 

.646 

36.00 

1.665 

1.342 

1.227 

1.133 

1.054 

.987 

• Q79 

.730 

42.00 

1.784 

1.460 

1.342 

1.244 

1.161 

1.090 

.974 

.811 

69 


SSHT=  46 


DEFINITION  G=KP* (T6-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HRrFT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR.FT  OF  PIPE*  F 
T 8-  AVERAGE  EARTH  TEMPERATURE  t F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR » SQ . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  1.000  BTU/HR  » SO .FT  » F / IN 

DEPTH  OF  PIPE  DPTH=  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

.981 

• 566 

.439 

.438 

.402 

.374 

.335 

.287 

4.50 

1.046 

.639 

,555 

.498 

.456 

.424 

.378 

.322 

5*56 

1.109 

.709 

.619 

.556 

.510 

.473 

.421 

.357 

6.62 

1.167 

.773 

.678 

.610 

.560 

.520 

.462 

.390 

7.62 

1.218 

.829 

.730 

.658 

,604 

.561 

.498 

.420 

6,62 

1.266 

.881 

.779 

.704 

,647 

.601 

.533 

.448 

9.62 

1.313 

.931 

.826 

.748 

.688 

.640 

.568 

.476 

10.75 

1.364 

.985 

.877 

.796 

.733 

.682 

.605 

.507 

12.75 

1.450 

1.075 

.963 

.877 

a 809 

.754 

.669 

.560 

14.00 

1.503 

1.129 

1.014 

.926 

.855 

.797 

.708 

.593 

16.00 

1.58b 

1.211 

1.093 

1.001 

,926 

• 865 

.769 

.644 

16.00 

1.665 

1.291 

1.170 

1.074 

.995 

.930 

.829 

.694 

20.00 

1.745 

1.369 

1,244 

1.145 

1.063 

.995 

.887 

.743 

24.00 

1.903 

1.522 

1.390 

1.284 

1.195 

1.121 

1.002 

.839 

30.00 

2.145 

1.748 

1.606 

1.489 

1.391 

1.307 

1.172 

.984 

36 .00 

2.399 

1.980 

1.026 

1.698 

1.590 

1.496 

1.344 

1.130 

42.00 

2.675 

2.225 

2.058 

1.917 

1.797 

1.694 

1.524 

1.282 

90 


SSHT - 47 


DEFINITION  Q=KP*(TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR, FT  OF  pipe 
K P-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  * FT  OF  PIPE#  F 
T6=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  # F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS  = 7.500  BTU/HR » SQ . FT , F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  1.000  BTU/HR  » SO .FT  # F/ IN 

DEPTH  Oh  PIPE  DPTH=  6. OFT. 


heat  transfer  factors  OF  UNDERGROUND  PIPES#  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2,500 

3e  000 

4.000 

6.000 

3.50 

.690 

.534 

e 46b 

.419 

• 386 

.360 

.323 

• 279 

4.50 

.944 

.600 

.525 

.474 

.436 

.406 

.364 

.312 

5.5b 

.995 

,661 

.582 

.526 

.404 

.451 

.403 

. 344 

6,62 

1.041 

• 716 

.634 

.574 

.529 

.493 

.440 

. 374 

7.62 

1.082 

.763 

.679 

• 6 16 

.569 

o 53 1 

,474 

.402 

6.62 

1.120 

.808 

.721 

* 656 

.606 

.566 

.505 

.426 

9.62 

1 . 156 

.849 

.761 

.694 

.642 

.600 

.536 

• 454 

10.75 

1.195 

.893 

.804 

.735 

.681 

,637 

.569 

.402 

12.75 

1.260 

.967 

.875 

.803 

.746 

.699 

• 626 

.529 

14.00 

1.300 

1.010 

.917 

.844 

.705 

.736 

.659 

.558 

16.00 

1.360 

1.075 

.981 

.906 

.044 

.793 

.712 

.602 

16.00 

1.418 

1.137 

1.042 

.965 

.901 

.847 

.762 

» 64  6 

20.00 

1.475 

1.197 

1.100 

1.021 

.955 

.900 

.811 

.688 

24.00 

1.585 

1.310 

1.211 

1.129 

1.060 

1 . 0 0 i 

.904 

. 769 

30.00 

1.745 

1.472 

1.369 

1.283 

1.209 

1,145 

1.039 

• 00  7 

36.00 

1.903 

1.627 

1.522 

1.431 

1.352 

1.284 

1 . ib9 

1 .002 

42.00 

2.063 

1.782 

1.672 

1.577 

1.494 

1 .421 

1.297 

1.115 
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5SHT"  48 


DEFINITION  Q=KP* < T6-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

btu/hr»ft  of  pipe 

KP=  PIPE  HEAT  TRANSFER  FACTOR 

btu/hr.ft  of  pipe*  f 

TGr  AVERAGE  EARTH  TEMPERATURE * F 
TP"  PIPE  TEMPERATURE  * ' F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR » SO . FT » F/ IN 

THERMAL  CONUUCTlVlTY  OF  INSULATION 

KI=  1,000  BTU/HR » SQ.FT  »F/IN 

DEPTH  Of-  PIPE  DP  I Hr  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  K P 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

00 ( INCHES) 

. oou 

1.000 

1.500 

2.000 

2,500 

3.000 

4.000 

6.000 

3.50 

.836 

,514 

,450 

.407 

.375 

.351 

.316 

.273 

4.50 

.883 

.574 

© 506 

.458 

» 422 

.395 

.354 

.305 

5.56 

.927 

.630 

.556 

,506 

, 467 

.437 

.392 

.335 

6,62 

,967 

.680 

.605 

.551 

.509 

.476 

.427 

.364 

7.62 

1.002 

.723 

. 646 

.590 

.546 

.511 

.458 

.390 

6.62 

1.035 

.762 

.685 

,626 

.580 

.543 

,487 

.415 

9.62 

1.065 

.799 

.721 

.661 

.613 

,575 

.516 

.439 

10,75 

1,098 

,830 

.759 

.697 

,648 

.606 

.546 

.465 

12.75 

1.154 

.903 

.822 

.759 

.707 

. 665 

.598 

.509 

14.00 

1 . 106 

,940 

.859 

.794 

.742 

.698 

.629 

.536 

16.00 

1.236 

.996 

.915 

.849 

.795 

.749 

.676 

.577 

18.00 

1,284 

1.049 

,967 

,900 

.345 

.797 

.721 

.616 

20.00 

1.330 

1,100 

1,017 

.949 

.892 

.843 

.765 

.654 

24.00 

1.418 

1,194 

1.111 

1.042 

.903 

,931 

.847 

.727 

30,00 

1.544 

1.326 

1,242 

1.170 

1.108 

1.054 

.963 

.831 

36  * 0 0 

1.665 

1.450 

1.365 

1.291 

1.227 

1.170 

1.074 

.930 

42.00 

1.784 

1,570 

1.483 

1.408 

1,341 

1.281 

1.180 

1.026 
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UEF INI T ION 
WHERE 


Q=KP*(T6-TP) 

Q = HEAT  TRANSFER  TO  PIPE 
BTU/HR  » FT  OF  PIPF 

KP=  PIPE  heat  transfer  factor 

BTU/HR  * FT  OF  PIPF*  F 

tg=  average  earth  temperature,  f 

TP-  PIPE  TEMPERATURE  • F 

THERMAL  CONUUCTIVITY  OF  EARTH  KS-1U.0U0  BTU/HR * SQ .FT » F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .ISO  BTU/HR. SQ.FT. F/IN 


DEPTH  OF  PIPE 


DPTHr  4 » OFT » 


HEAT  TRANSFER  FACTORS  OF  underground  PIPES.  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OD( INCHES) 

.000 

1.000 

1.500 

2.000 

2. 500 

3.0  00 

4 .000 

6*00  0 

3.50 

1.308 

.155 

.117 

.097 

. 084 

.075 

.064 

»05i 

4 • 5U 

1.395 

.188 

. 140 

.115 

. 099 

,088 

. 074 

.059 

5.56 

1.479 

.221 

. 164 

.134 

.115 

,102 

.004 

« 066 

6 . 6 2 

1.556 

.253 

. 188 

. 152 

.130 

.115 

.095 

• 0 7 <■ 

7.62 

1.624 

.283 

.209 

. 169 

. 144 

. .127 

. 104 

.080 

6.62 

1.689 

.312 

.231 

.186 

« 158 

.139 

.113 

. 087 

9.62 

1.751 

.340 

.252 

.203 

.172 

, 160 

.123 

. 093 

10.75 

1.818 

.372 

.275 

.221 

.187 

. 164 

. 133 

.101 

12.75 

1.934 

.427 

.316 

.254 

.214 

. 187 

. 151 

.113 

14.00 

2.004 

.460 

.341 

.274 

.231 

.201 

. 1 62 

. 121 

16.00 

2.113 

.513 

.381 

.306 

. 258 

.224 

.180 

. 134 

18.00 

2.220 

.565 

.420 

.337 

.284 

» 24b 

. 198 

.146 

20.00 

2.326 

.615 

.458 

.368 

.310 

, >69 

.215 

. 158 

24.00 

2.538 

.716 

.535 

.430 

,362 

.313 

* 250 

. 183 

30.00 

2.060 

.863 

. 648 

.521 

.438 

. 380 

.302 

.719 

36.00 

3.199 

1.010 

.760 

.613 

.515 

. 4 46 

. 354 

.255 

42.00 

3 • 566 

1.159 

.074 

.705 

.592 

.512 

« 4 06 

.292 
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DEF 1NIT  ION  Q=KP*(TG~TP) 

INHERE  Q •-  HEAT  TRANSFER  TO  PIPE 

BTU/HR  ?FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HRpFT  OF  P I PE * F 
TGs  AVERAGE  EARTH  TEMPERATURE  * F 
T P=  PIPE  TEMPERATURE  » F 


THERMAL 

conductivity 

OF 

EARTH  KS" 1 0 

.000 

BTU/HR .SQ.FT  . F/IN 

THERMAL 

conductivity 

OF 

INSULATION 

Kls 

.150 

BTU/HR  * SQ  • FT  *>  F / IN 

DEPTH  OF 

PIPE 

DPTH" 

6. OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

i INCHES) 

0D( INCHES) 

.000 

1,000  i 

.500 

2,000 

2.500 

3.000 

4.000 

6.000 

5,50 

1.187 

.154 

.116 

,096 

.084 

,075 

.063 

.051 

4*50 

1.259 

.185 

.139 

.114 

*098 

.08® 

.073 

.059 

5«56 

1,327 

.217 

,162 

.132 

.114 

,101 

.084 

.066 

6.62 

1,388 

,248 

,185 

.151 

• 129 

.114 

.094 

.073 

7.62 

1.442 

*277 

.206 

9 16? 

,143 

.125 

.103 

.080 

8.62 

1.493 

,304 

.227 

,104 

,156 

.13? 

.112 

.086 

9,62 

1.541 

.200 

© 170 

.149 

.121 

.093 

10,75 

1.593 

e 361 

.269 

.218 

,185 

® 162 

.132 

.100 

12.75 

1.681 

,413 

© 306 

,249 

,211 

,184 

.149 

.112 

14  ® 00 

1,733 

,444 

,352 

®26§ 

*227 

• 19® 

.160 

• 120 

16,00 

1,815 

,493 

,252 

,220 

.17? 

.132 

1®»00 

1.891 

.541 

.406 

,276 

.242 

.195 

• 144 

20.00 

1.967 

. 5®7 

,442 

,35© 

.102 

.283 

.212 

.156 

24  * 00 

2.113 

,87? 

.§13 

,416 

.351 

.30© 

.245 

.180 

50.00 

2.326 

,807 

.615 

,§@0 

.423 

.36© 

.295 

• 215 

36.00 

2.538 

.913 

.716 

,430 

,344 

• 250 

42  © 00 

2.751 

1.05? 

.@14 

« ©6S 

.564 

.491 

.392 

.285 
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definition 

WHERE 


Q=KP* (TG-TP) 

Q = HEAT  TRANSFER  TO  PIPE 
BTU/HR  t FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  I-  FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  * F 
TP—  PIPE  TEMPERATURE  * F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS  = 10 

.000 

THERMAL 

conductivity 

OF 

INSULATION 

KI  = 

.150 

DEPTH  Oh 

PIPE 

DPTHr 

8 » OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES,  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

OU ( INCHES) 

. 000 

l.ooo  i 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.11b 

.152 

.115 

.096 

.083 

.075 

,063 

.051 

4 . 50 

1.176 

. 183 

. 138 

.113 

. 098 

.087 

.073 

.058 

5 * 5b 

1.237 

.215 

» 1 6 1 

.132 

. 113 

.100 

.083 

. 066 

6 . 62 

1.290 

.245 

. 183 

. 149 

.128 

.113 

.093 

. 07  3 

7.62 

1 . 33fc> 

.273 

.204 

» 1 66 

.141 

.125 

. 103 

. 079 

6.62 

1.380 

.299 

.224 

.182 

. 155 

.136 

.112 

.086 

9.62 

1.421 

.326 

.244 

.198 

. 168 

.147 

. 121 

. 092 

i U . 7 5 

1.465 

.354 

.265 

.215 

. 183 

.160 

. 131 

. D99 

12.75 

1.536 

.404 

.303 

.246 

.208 

.182 

. 148 

.112 

14.00 

1.582 

.433 

.326 

.264 

.224 

. 196 

,159 

• lio 

16.  OU 

1.646 

.480 

.362 

.294 

.249 

.217 

.176 

.131 

16.00 

1,712 

.525 

.397 

.323 

.273 

.239 

.19? 

.143 

20.00 

1 . 774 

.568 

.432 

.351 

.297 

.259 

.20Q 

. 155 

• o u 

1.891 

• b53 

.499 

.406 

.345 

. 301 

.24? 

. 178 

50.00 

2.059 

.772 

.595 

.487 

.413 

. 361 

.290 

.213 

56.0  0 

2.220 

. 886 

.688 

. 565 

.481 

.420 

.337 

• 24  6 

42.00 

2.379 

.996 

.778 

.641 

• 54b 

.477 

.384 

.280 
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DEFINITION 

WHERE 


G-KP ♦ ( Tb-TP) 

Q = HEAT  TRANSFER  TO  PIPE 


BTU/HR  » FT  OF  PIPF 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPE*  F 
TG-  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  PIPE  TEMPERATURE  * F 


1 HERMAL 

CONDUCTIVITY 

OF 

EARTH  KS=10 

.000 

T HEkMAL 

conductivity 

OF 

insulation 

Kir 

.200 

DEPTH  Oh 

PIPE 

DPTHr 

4 .OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES  * KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

UD ( INCHES ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 . SO 

1.308 

.200 

. 152 

.127 

. 1 10 

.099 

. 084 

• 068 

4 . bU 

1.39b 

.241 

. 182 

. 150 

.130 

. 116 

.097 

. n?a 

5 * bo 

1.479 

.282 

.212 

. 174 

. 150 

.133 

.in 

.087 

6.62 

1 .Sb6 

.321 

.242 

. 198 

.169 

.150 

.124 

. 097 

7.62 

1.624 

.358 

.269 

.219 

. 187 

.165 

. 136 

. 106 

6.62 

1.669 

.393 

.295 

.241 

.205 

.181 

. 146 

.114 

9 » 62 

1.751 

.428 

.322 

.262 

.223 

. 196 

. 160 

. 123 

10.7b 

1.618 

. 466 

.351 

.285 

.243 

.213 

o 1 74 

. 132 

12.7b 

1.934 

.532 

.401 

.326 

.277 

.242 

. 197 

. 149 

14.00 

2.004 

.572 

.432 

.351 

.298 

.261 

.212 

. 159 

1 o # 0 0 

2.113 

.635 

.481 

.391 

.331 

.290 

.234 

. 175 

18.00 

2.220 

.696 

.528 

.430 

• 365 

.318 

.257 

.161 

20.00 

2.326 

.757 

.576 

.468 

. 397 

.34  7 

.280 

.207 

24. GO 

2.538 

.875 

• 669 

.545 

.462 

.40  3 

.324 

.239 

60*00 

2.660 

1.049 

.806 

.658 

.559 

.487 

. 391 

.286 

3o.  00 

3.199 

1.223 

.943 

.771 

.655 

.571 

.457 

. 333 

42.00 

3 * 566 

1.399 

1.082 

.885 

.752 

.655 

. 524 

. 381 

96 
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A 3 


DEFINITION  0=KP*(J&-TP) 

WHERE  Q = HE A T TRANSFER  TO  PIPE 

BTU/HR » FT  OE  PIPF 
k P—  pipl  heat  transfer  factor 
BTU/HR  » F T OF  PIPE*  F 
TO-  AVERAGE  EARTH  TEMPERATURE » F 
TPr  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-1U.000  BTU/HR »SQ.rT  * F / I M 


THERMAL  CONDUCTIVITY  OF  INSULATION 


DEPTH  OF  PIPE 

heat  transfer  factors  of 

Kir  .200 
dpt Hr  6.0 

underground 

BTU/HR » SO . RT , 

CT  . 

PIPES » KP 

f-  / 1 N 

PIPE  Si Zl 

INSULATION  THICKNESS 

( INCHES) 

i U ( I NlHES  ) 

.000 

1.000 

1.500 

2,000 

2.500 

3.000 

4 .000 

6.000 

b « 5 u 

1 . 187 

.197 

. 151 

. 125 

.109 

. 098 

,084 

.0  68 

4.50 

1.259 

.236 

. 179 

. 148 

.128 

. 115 

. 097 

.077 

5 • bo 

1.327 

.276 

.209 

, 172 

.148 

.132 

. 110 

.087 

b • 62 

1 . b6o 

,314 

.237 

. 195 

. 167 

.148 

.123 

. QP6 

7 . 

1.442 

.348 

.263 

.216 

. 185 

.163 

.135 

. 105 

8.02 

1.49b 

.381 

o 289 

.236 

.202 

.178 

.147 

.113 

9 « 62 

1 .541 

.414 

.314 

.256 

.219 

. 193 

. 158 

. 122 

10 . 7b 

1.59b 

.450 

.341 

.279 

,238 

.209 

. 171 

. 131 

IE.  7b 

1.681 

.511 

.389 

.318 

.271 

.238 

. 194 

. 147 

14.00 

1 . 7bb 

.547 

.418 

.341 

.291 

.255 

.208 

. 157 

1 b . 0 0 

1.81b 

.605 

.463 

.379 

.323 

.283 

.2  30 

. 17b 

18.00 

1.891 

.660 

.50? 

.416 

. 354 

.311 

.252 

. 188 

^0.00 

1.967 

.714 

.551 

.452 

• 385 

.337 

.273 

.204 

d4«00 

2.11b 

.618 

• 635 

.522 

. 446 

. 391 

.316 

.234 

bO  . Ou 

2.b2b 

.968 

.757 

.625 

.534 

• 468 

. 37Q 

.280 

bo . 0 0 

2 . 5b8 

1.111 

.875 

.725 

.621 

.545 

. 440 

. 32  4 

42.00 

2.751 

1.252 

.992 

.824 

. 707 

.620 

.502 

. 369 
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DEFINITION  G=i<p«  ( T G“TP ) 

WHERE  G = HEAT  TRANSFER  TO  PIPE 

0TU/HR  t FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR  * FT  OF  PIPE*  F 
TGs  AVERAGE  EARTH  TEMPERATURE*  F 
TP“  PIPE  TEMPERATURE  * F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS=I0 

*000 

btu/hr»sq.ft*f/in 

THERMAL 

conductivity 

OF 

INSULATION 

KI  = 

*200 

btu/hr»sq.ft*f/in 

DEPTH  OF 

PIPE 

DPTH- 

8*  OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


pipe  size 

INSULATION 

thickness 

( INCHES) 

out  INCHES) 

.000 

1.000  1 

.500 

2 e 000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.115 

.195 

.149 

.125 

.109 

.098 

.083 

.067 

4*50 

1.178 

.233 

.178 

. 147 

.128 

.114 

.096 

. 077 

5 • 56 

1.237 

.272 

.206 

.170 

. 147 

. 131 

.109 

.086 

6.62 

1.290 

.308 

.234 

.192 

. 166 

.147 

.122 

.096 

7.62 

1.336 

.342 

.260 

.213 

.183 

. 162 

.134 

.104 

8.62 

1.380 

.374 

.284 

.233 

.200 

.176 

. 146 

.113 

9.62 

1.421 

.405 

.308 

.253 

.216 

.191 

.157 

. 121 

10.75 

1.465 

.439 

.335 

.274 

.235 

.207 

. 170 

.130 

12.75 

1.538 

.497 

.381 

.312 

.267 

.235 

. 192 

.146 

14.00 

1.582 

.531 

.408 

.335 

.287 

.252 

.206 

.156 

16.00 

1.648 

.585 

.452 

s 371 

.317 

.279 

.227 

.171 

18.00 

1.712 

.637 

.493 

.406 

.347 

.305 

.248 

.186 

20.00 

1.774 

.68? 

.534 

.441 

.377 

.331 

.269 

.202 

24.00 

1.891 

.783 

.613 

.507 

.435 

.382 

.311 

• 231 

30.00 

2.059 

.918 

.726 

.604 

.519 

.456 

.371 

.275 

36.00 

2.220 

1.046 

.834 

.696 

.600 

.528 

.430 

.318 

42.00 

2.379 

1.169 

.936 

.787 

.679 

.599 

.488 

.361 
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DEFINITION  Q=KP* (TG-TP) 

w/HERE  Q - HEAT  TRANSFER  TO  PIPE 

BTU/HR  # FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR i FT  OF  PIPE » F 
TG=  AVERAGE  EARTH  TEMPERATURE  » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-i 0.000  BTU/HR# SQ.FT  »F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I — « 250  BTU/HR »SQ. FT  » F / IN 

DEPTH  OK  PIPE  DPTH=  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0O( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.306 

.242 

. 186 

.155 

.136 

.122 

.104 

.084 

4.50 

1.395 

.289 

.221 

.183 

. 159 

. 142 

.120 

.096 

5.56 

1.479 

.337 

.257 

.212 

.183 

.163 

.137 

.108 

6.62 

1.556 

,383 

.29  2 

.240 

.207 

.184 

.153 

.120 

7.62 

1.624 

.425 

.324 

* 266 

.229 

.202 

. 168 

.131 

8.62 

1.689 

.466 

.355 

,292 

.250 

.221 

.183 

. 141 

9.62 

1.751 

.506 

.386 

.317 

.271 

.239 

. 197 

.152 

10.75 

1,818 

.549 

,420 

.344 

. 295 

.260 

.213 

.163 

12.75 

1.934 

.624 

.478 

.392 

.335 

.295 

.241 

.183 

14.00 

2.004 

.670 

.514 

.422 

.361 

.317 

.259 

. 196 

16.00 

2.113 

.741 

.571 

• 468 

.400 

.352 

.286 

.216 

18.00 

2.220 

.810 

.626 

.514 

.440 

.386 

.314 

.235 

20.00 

2.326 

.878 

.680 

.560 

.478 

.420 

.341 

.255 

24.00 

2.538 

1.010 

.787 

.649 

.555 

.487 

.395 

.293 

30.00 

2.860 

1.205 

.945 

.781 

.668 

.586 

.475 

.351 

36.00 

3.199 

1.400 

1.102 

.913 

.782 

.686 

.554 

.408 

42.00 

3.566 

1.598 

1.262 

1.046 

.897 

.786 

.635 

• 4 66 
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DEFINITION  G=KP*(TG-TP> 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

0TU/HR  » FT  OF  PIPE 

kps  pipe  heat  transfer  factor 


BTU/HRoFT  OF  PIPE*  F 
TG“  AVERAGE  EARTH  TEMPERATURE  * F 
TP-  PIPE  TEMPERATURE  * F 


THERMAL 

conductivity 

OF 

EARTH  KS-1Q 

.000 

btu/hr»sq.ft,f/in 

THERMAL 

conductivity 

OF 

INSULATION 

KI- 

.250 

btu/hr,sq.ft,f/in 

depth  of 

PIPE 

DPTHs 

6. OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES,  KP 


pipe  size 

INSULATION  THICKNESS 

< INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2,500 

3.000 

4.000 

6.000 

3.50 

1.187 

.238 

. 183 

.153 

.134 

.121 

.103 

.084 

4.50 

1.259 

.283 

.217 

.181 

.157 

.141 

.119 

.095 

5 • 5b 

1,327 

.329 

.252 

.209 

.181 

.161 

.135 

.107 

6.62 

1.388 

.372 

• 286 

.236 

.204 

.181 

.151 

• 119 

7 * 62 

1.442 

.412 

.316 

.261 

.225 

.199 

.166 

. 129 

8.62 

1.493 

.450 

. 346 

.285 

.245 

.217 

. 180 

.140 

9.62 

1.541 

.407 

.375 

.309 

.266 

.235 

. 194 

. 150 

10.75 

1.593 

.527 

.406 

.335 

,268 

.254 

.210 

. 161 

12.75 

1.681 

.595 

.461 

.381 

.327 

« 2 SB 

.237 

.181 

14.00 

1,733 

.636 

.494 

.408 

.351 

.309 

.254 

. 193 

16.00 

1,313 

,700 

.546 

.452 

.388 

.342 

.280 

.212 

IS. 00 

1.891 

.761 

.596 

.494 

,425 

.374 

.306 

.231 

20.00 

1.967 

.821 

,646 

,536 

.461 

.406 

.332 

.250 

24.00 

2.113 

.935 

.741 

• 61 7 

.531 

9 468 

.382 

.286 

30.00 

2.326 

1.099 

,@78 

.734 

. 634 

.560 

.457 

.341 

36.00 

2.538 

1.256 

1.010 

.849 

.734 

.649 

.530 

.395 

42  e 00 

2.751 

1.409 

1.141 

.961 

.833 

.737 

.602 

.448 
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DEFINITION  Q=KP*(TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  * F 
TP=  PIPE  TEMPERATURE  * F 


THERMAL 

conductivity 

OF 

EARTH  KS  = 10 

.000 

BTU/HR* SQ.FT  * F / IN 

THERMAL 

conductivity 

of 

INSULATION 

KI  = 

.250 

BTU/HR* SQ.FT  *F/IN 

depth  of 

PIPE 

DPTHr 

8.  OFT 

• 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SI/E 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • 5U 

1.115 

.235 

. 182 

.152 

. 133 

. 120 

.102 

.083 

4. SO 

1.178 

.279 

.215 

.179 

. 156 

. 140 

.118 

. 095 

b . 5b 

1.237 

.323 

* 249 

.206 

. 179 

. 160 

.134 

.107 

6.62 

1.290 

.365 

• 281 

.233 

.201 

.179 

.150 

.118 

7.62 

1.336 

.403 

.311 

.257 

.222 

.197 

. 164 

. 128 

8.62 

1.380 

.439 

.339 

.281 

.242 

.215 

.178 

. 139 

9.62 

1.421 

.474 

.367 

.304 

.262 

.232 

. 192 

. 149 

10.75 

1.46b 

.512 

e 397 

.329 

.283 

.251 

.207 

. 160 

12.75 

1.538 

» 576 

.450 

.373 

.321 

.284 

.234 

.179 

14.00 

1.582 

.615 

.481 

.399 

.344 

.304 

.250 

.191 

16.00 

1.648 

.674 

.530 

.441 

.380 

.336 

.276 

.209 

18.00 

1.712 

.731 

.577 

.481 

.415 

.367 

.301 

.228 

20.00 

1.774 

.785 

.623 

.520 

.449 

.397 

.326 

.246 

24.00 

1.891 

.889 

.711 

.596 

.516 

.457 

.374 

.282 

30.00 

2.059 

1.035 

.837 

.705 

.612 

.543 

.445 

. 334 

36.00 

2.220 

1.172 

.956 

.810 

.705 

. 626 

.514 

.386 

42.00 

2.379 

1.304 

1.071 

.911 

.795 

.707 

.582 

.437 
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definition  0=KP*U8«TP) 

WHERE  G = HEAT  TRANSFER  TO  PIPE 

BTU/HR * FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 


BlU/HR  r FT  OF  PIPE,'  F 
TG=  AVERAGE  EARTH  TEMPERATURE  t F 
TP=  PIPE  TEMPERATURE  * F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS-IO 

,000 

btu/hr»sq.ft,f/in 

THERMAL 

CONDUCTIVITY 

OF 

insulation 

KI  = 

.300 

BTU/HR  » SO .FT  » F / 1 N 

DEPTH  OF 

PIPE 

DPTH- 

4. OFT 

• 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.308 

.281 

.218 

.183 

.160 

. 144 

. 123 

.100 

4.50 

1.395 

.335 

.258 

.215 

. 188 

.168 

. 142 

. 114 

5 . 5t> 

1.479 

.389 

.299 

.249 

.216 

. 193 

.162 

. 129 

6.62 

1.55b 

.440 

.339 

.281 

.243 

,216 

. 181 

. 142 

7.62 

1.624 

.487 

.375 

.311 

.268 

.238 

.198 

.155 

6.62 

1.689 

.532 

.411 

.340 

.293 

.260 

.215 

. 167 

9.62 

1.751 

.576 

.445 

.368 

.317 

.281 

.232 

.180 

10,75 

1.818 

® 624 

.483 

.400 

. 344 

.304 

.251 

.193 

12.75 

1.934 

.706 

.549 

.454 

.391 

.345 

.284 

.217 

14.00 

2.004 

.756 

.589 

.488 

.419 

.370 

.304 

.232 

16.00 

2.113 

.833 

.652 

.540 

. 465 

.410 

.336 

.255 

16.00 

2.220 

.909 

.713 

.592 

.509 

.449 

.368 

• 278 

20.00 

2 . 326 

.982 

.774 

.643 

.554 

.488 

.399 

.30  0 

24.00 

2.538 

1.126 

.892 

.744 

.641 

.565 

.461 

. 346 

30.00 

2.860 

1.330 

1.067 

.892 

.769 

.679 

.554 

.413 

36.00 

3.199 

1.549 

1.241 

1.040 

,898 

.793 

.646 

.480 

42.00 

3 . 566 

1.765 

1.419 

1.190 

1.029 

.908 

.739 

.548 
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DEFINITION  Q=KP*(TG-TP) 

WHERE.  Q = HEAT  TRANSFER  TO  PIPE 

F3  T U / HR  p F T OF  PIPE 
KPr,  PIPE  HFAT  TRANSFER  FACTOR 


PTU/HRpFT  OF  PIPEp  F 
TG=  AVERAGE  EARTH  TEMPERATURE r F 
TP=  PIPE  TEMPERATURE  p F 


THERMAL 

conductivity 

OF 

EARTH  K S - 1 U 

.000 

btu/hr»sq.ft»f/in 

thermal 

CONuUCTI vity 

OF 

INSULATION 
KI  = 

. 300 

dtu/hrpsq.ft  »r /in 

DEPTH  01 

PIPE 

DPTH- 

6.  OFT 

• 

riLAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPESr  KP 


PIPE  5 1 Zb 

INSULATION  THICKNESS 

( INCHES) 

ul  '•  1 NCht  b ) 

.000 

1,000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 . 5u 

1 . 187 

.275 

.214 

.180 

. 158 

.143 

.12? 

.100 

4 • DJ 

1.259 

.326 

.253 

.212 

. 185 

. 166 

. 141 

.113 

5 * 5o 

1 .327 

.377 

.293 

.244 

.212 

. 190 

.160 

. l?7 

o « 62 

1 . 388 

,42b 

.330 

.275 

,239 

.213 

.17A 

.141 

7 . 

1 . HH2 

o 4 69 

« 365 

.303 

.263 

.234 

.190 

. 3 53 

o . b <L 

1 .493 

,511 

.396 

.331 

.286 

.254 

.21? 

. 165 

0 ♦ b 2 

1 .341 

.551 

.430 

.358 

. 309 

.2  75 

.?  28 

. 177 

lu.7b 

1.593 

.595 

» 466 

.387 

.335 

.297 

.246 

.19  0 

12.7b 

1 .661 

,669 

.526 

.439 

.379 

.336 

.278 

.213 

i 4 • 0 u 

1 .733 

.714 

* 563 

.470 

.406 

. 360 

.297 

• 2?7 

1 o » U 0 

1 .813 

. 782 

.620 

.518 

.448 

.397 

. 327 

• ?50 

1 b . 0 0 

1.891 

.848 

.675 

® 566 

.490 

.434 

. 357 

• ?7? 

tO.OU 

1.967 

.912 

.729 

.612 

.530 

.470 

.387 

. ?93 

c.  4 • 0 J 

2.113 

1 • u34 

.833 

.702 

.609 

.540 

.445 

. 3 36 

30.00 

2.32b 

1.208 

.982 

.832 

.724 

.643 

.530 

. 399 

3o  • 0 U 

2.538 

1,374 

1 . 126 

.958 

.836 

.744 

.613 

.461 

HZ.  0 0 

2.751 

1.538 

1.268 

1.082 

.946 

.843 

.695 

.52  3 
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DEFINITION  Q=KP*(TG»TP) 

rtHERE  Q = HEAT  TRANSFER  TO  PIPE 

0TU/HR  , FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F" 

TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=10.000  DTU/HR » SQ . FT » F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  ,300  BTU/HR» SQ.FT  »F/IN 

DEPTH  OF  PIPE  DPTH-  8»0FT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES.  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OLK INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3. SO 

1.115 

.271 

.212 

.178 

.157 

.142 

. 121 

.099 

4.50 

1.178 

,321 

.250 

.209 

.183 

.164 

. 140 

.113 

5 • So 

1.237 

.370 

.288 

.241 

.210 

.188 

.158 

.126 

6 . 62 

1.290 

.416 

.324 

• 271 

.235 

.210 

.177 

. 140 

7.62 

1.336 

.457 

.358 

.298 

.259 

.231 

. 193 

.152 

6. 62 

1.380 

.497 

.389 

.325 

.282 

.251 

.206 

» 164 

9.62 

1.421 

.535 

.420 

.351 

.304 

.271 

.225 

.175 

10. 7S 

1 . 465 

.576 

.454 

.379 

.329 

.292 

.243 

. 188 

12. 7S 

1.538 

.645 

.512 

.428 

.371 

.330 

.273 

.211 

14.00 

1.582 

.686 

.546 

,458 

.397 

.353 

.292 

.225 

16  e 00 

1,648 

.750 

.600 

.504 

.438 

.389 

.322 

.246 

18.00 

1.712 

.810 

.651 

.549 

® 477 

.424 

.350 

.268 

20.00 

1.774 

,868 

.701 

.592 

.515 

* 4 50 

.379 

.289 

24.00 

1.691 

.978 

.796 

.675 

.589 

.525 

.434 

.330 

30.00 

2.059 

1.131 

.931 

. 795 

,696 

.621 

.514 

.390 

36 .00 

2.220 

1.275 

1.059 

.909 

.798 

.713 

.592 

.449 

42.00 

2.379 

1.414 

1.182 

1.019 

.897 

.804 

.668 

.507 
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DEFINITION  Q=KP*(TG‘-TP) 

rtHERE  Q = HEAT  TRANSFER  TO  PIPE 

HTU/HR  » FT  OF  PIPE 

kp-  pipe  heat  transfer  factor 
htu/hr »ft  of  pipe,  f 

TO-  AVERAGE  EARTH  TEMPERATURE.  F 


TPr  PIPE  TEMPER ATURf  - 


THERMAL 

conductivity 

OF  EARTH  K S- J i 

i.OUO  oTU/HR.SO.FT 

» F / I N 

THERMAL 

conductivity 

OF  TPM  II  /'YlfiN 
r i - 

« 3b 0 HTU/HR  » SQ .FT 

.F/IN 

DEPTH  OF 

P 1 PL 

i i - 

4- OFT. 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES. 
PIPE  SI/c  INSULATION  THICKNESS  (INCHES) 

KP 

uD( INCHES) 

. OOU 

1.000 

1 .5()0 

2 .000 

2.500 

5 * ‘ 1 0 0 

4.000 

6.000 

3.50 

1.508 

.318 

» 2M  6 

,209 

.184 

. 1 66 

. 142 

.116 

4,50 

1.595 

,377 

.294 

,246 

.215 

.193 

. 168 

.132 

5 • 56 

1.479 

.436 

.339 

*283 

.247 

.221 

. 186 

.149 

o.62 

1.556 

,492 

.383 

*320 

,278 

.2  48 

.208 

. 164 

7.62 

1.624 

.543 

.423 

.353 

. 306 

.272 

.228 

.179 

8.62 

1.689 

.592 

.462 

.385 

.333 

.297 

.247 

. 193 

4.62 

1.751 

.639 

.500 

* 41  7 

.361 

.320 

• 266 

.207 

10.75 

1.818 

.691 

.542 

.451 

.391 

.347 

.288 

.222 

12.75 

1.934 

,779 

.614 

.512 

.443 

.393 

.325 

.250 

1 4 , 0 U 

2.004 

.832 

.657 

■549 

.475 

.421 

. 346 

• ?5b 

lb,  00 

2.113 

.915 

.726 

. 607 

.525 

.465 

. 384 

.293 

18.00 

2.220 

.995 

.793 

* 664 

.575 

.509 

.419 

.319 

20. 00 

2 . 32o 

1.074 

.858 

*720 

.624 

.553 

.455 

. 345 

24 ,00 

2.538 

1.227 

.98? 

.830 

.720 

• 638 

.525 

. 396 

50,00 

2.860 

1.452 

1.176 

.993 

® 862 

.765 

.628 

.472 

56.00 

3.199 

1.677 

1.365 

1.155 

1.005 

.892 

.732 

.549 

42.00 

3.566 

1.907 

1.557 

1.321 

1.150 

1.020 

.838 

.626 
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DEFINITION  Q-KP* < T G“T  P ) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR * FT  OF  PIPE*  F 
T G-  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  * F 


thermal 

CONDUCTIVITY 

OF 

EARTH  KSrlQ 

.000 

BTU/HR* SQ.FT  »F/IN 

THERMAL 

conductivity 

OF 

insulation 

Kir 

.350 

BTU/HR *SQ. FT  *F/IN 

DEPTH  OT 

PIPE 

DPTHr 

6. OFT 

• 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SlZt. 

INSULATION  THICKNESS 

( INCHES) 

0L)(  INCHES) 

.000 

1.000 

1,500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 , bu 

1.187 

.310 

.244 

.206 

,181 

.164 

. 141 

.115 

4.5U 

1.259 

.366 

.287 

.241 

.211 

.190 

.162 

.131 

5 » 5o 

1.327 

.422 

.331 

.277 

.242 

.217 

.184 

.147 

6.62 

1.388 

.474 

.372 

.312 

.272 

.243 

.205 

.162 

7.62 

1.442 

.521 

.410 

.343 

,299 

.267 

.224 

. 176 

6.62 

1.493 

. 566 

.446 

.374 

.325 

.290 

.242 

. 190 

9.62 

1.541 

.609 

.481 

.403 

.351 

.313 

.261 

.204 

10.7b 

1.593 

.655 

.520 

.436 

.379 

.338 

.281 

.219 

12.7b 

1.681 

.734 

.586 

.492 

.428 

.381 

.317 

.245 

14.00 

1.733 

,781 

,625 

.526 

.458 

.407 

.338 

.261 

16.00 

1.813 

.854 

.687 

.579 

.504 

.449 

.372 

.286 

18.00 

1.891 

.923 

,746 

« 63 1 

.550 

.489 

.406 

e 31  1 

20.00 

1.967 

.990 

.804 

.681 

.594 

.529 

,439 

.335 

24 .00 

2.113 

1.118 

.915 

.779 

.681 

.607 

.503 

.384 

30 .00 

2.32b 

1.300 

1.074 

.919 

.806 

.720 

.598 

.455 

36  o 00 

2.538 

1.474 

1.227 

1.055 

,928 

.830 

,690 

.525 

42.00 

2.751 

1.645 

1.377 

1.188 

1.047 

.939 

.781 

.594 
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DEFINITION  G=KP*(TG“TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

6TU/HR#FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR  o FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPERATURE#  F 
TP=  PIPE  TEMPERATURE  » F 


THERMAL 

CONDUCTIVITY 

OF 

EARTH  KS-1Q 

.000 

BTU/HR  » SO .FT  » F/ I N 

1 HERMAL 

CONDUCTIVITY 

OF 

INSULATION 

K I ~ 

.350 

BTU/HR  # SO • FT »F/IN 

depth  OF 

PIPE 

DPTH= 

8 e OFT 

• 

hlAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  K P 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

uD  ( IhChES ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.115 

.305 

.241 

.204 

. 180 

. 162 

.140 

.115 

4.50 

1 .176 

.359 

.283 

.238 

.209 

. 188 

. 161 

.130 

5 • 5o 

1.237 

.412 

.325 

.273 

.239 

.215 

. 182 

. 146 

b • b2 

i r 290 

.462 

.365 

.307 

.268 

.240 

.202 

. 161 

7.6  2 

1 . 33b 

.506 

.401 

.337 

.294 

.263 

.221 

.175 

6 . 62 

1.380 

.549 

.435 

* 366 

.319 

.285 

.239 

. 188 

9 » o2 

1.421 

.589 

.469 

.395 

* 344 

.307 

.257 

.201 

10.7b 

1.465 

.632 

.505 

.426 

.371 

.331 

.277 

.216 

12.7b 

1.538 

• 706 

.567 

.479 

.418 

.373 

.311 

.241 

14.00 

1.582 

.749 

.604 

.511 

.446 

.398 

.332 

.257 

lb  . 0 U 

1.646 

.815 

.662 

e 561 

.491 

.438 

.365 

.281 

16.  Ou 

1.712 

.878 

.717 

.610 

.533 

.477 

.397 

.306 

2U  .00 

1.774 

.938 

.769 

.656 

.575 

.514 

.428 

.329 

24.00 

1.691 

1.052 

.870 

.746 

.656 

.587 

.489 

.376 

50 .00 

2.059 

1.212 

1.013 

.874 

.771 

.692 

.578 

.443 

3o  • Ou 

2.2  20 

1.361 

1.147 

.995 

.881 

.793 

.664 

.509 

42.00 

2.379 

1.504 

1.277 

1.112 

.988 

.891 

.748 

.574 
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DEF INI T ION  Q^KP* ( T G-TP ) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR t FT  OF  PIPE  - 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BIU/HR»FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  * F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=1 0*000  BIU/HR r SG * FT , F/ I N 

THERMAL.  CONDUCTIVITY  OF  INSULATION 

K X - .400  BTU/HR  » SO .FT  » F/ IN 

DEPTH  OF  PIPE  DPTH=  4. OFT® 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

ud ( inches ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • 5U 

1.308 

.353 

.278 

.235 

.207 

.187 

. 161 

.132 

4.50 

1 .396 

.416 

.327 

.275 

.241 

.217 

.185 

.150 

5 . 5o 

1.479 

.480 

.377 

.317 

.277 

.248 

.210 

. 168 

6.62 

1.55b 

.540 

.425 

.356 

.311 

.278 

.234 

. 186 

7 » 62 

1.624 

.594 

.468 

.392 

.342 

. 3 0 5 

.256 

.202 

8.62 

1.689 

.646 

.510 

.428 

.372 

.332 

.278 

.218 

9.62 

1.751 

.696 

.551 

* 462 

.402 

.358 

.299 

.234 

10.75 

1.818 

.751 

.596 

.500 

.435 

.387 

.323 

.251 

12.75 

1.934 

.844 

.673 

o 566 

.492 

.438 

.364 

.281 

14.00 

2.004 

.900 

.720 

« 606 

.527 

.469 

.389 

.300 

16.00 

2. 113 

. 987 

.793 

.669 

.582 

.518 

.429 

.329 

16.00 

2.220 

1.072 

.865 

.730 

• 636 

• 566 

.469 

.359 

20.00 

2.326 

1.154 

.935 

.791 

.689 

.613 

.508 

.387 

24.00 

2.538 

1.315 

1.072 

.909 

.794 

.707 

.585 

.445 

30.00 

2.860 

1.551 

1.273 

1 * 085 

.948 

• 845 

.699 

.530 

3b  e 0 0 

3.199 

1.767 

1.475 

1.260 

1.103 

.984 

.814 

.615 

42. OU 

3 . 56b 

2.030 

1.681 

1.436 

1.261 

1.125 

.930 

.702 
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SSHT=  65 


DEFINITION 

WHERE 


Q=KP*(TG-TP) 

Q = HEAT  TRANSFER  TO  PIPE 
BTU/HR  * ft  of  pipe 

KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE » F 
T G-  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=10.000  BTU/HR » SO . FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  .400  BTU/HR * SQ.FT  » F / IN 


DEPTH  Of-  PIPE 


DPTHr.  6.  OPT. 


nEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES » KP 


PIPE  SIZl 

INSULATION  THICKNESS 

( INCHES) 

uDl INCHES) 

.000 

1.000 

1.500 

2,000 

2.500 

3.000 

4.000 

6.000 

3. 5u 

1 . 187 

.343 

.272 

.231 

.204 

.185 

. 15Q 

.131 

4.50 

1.259 

.403 

.319 

.270 

.237 

.214 

. 183 

.148 

b • bo 

1.327 

.463 

.366 

.309 

.271 

.243 

.207 

. 166 

6 . 

1 . 386 

.518 

.411 

.347 

.303 

.272 

.230 

.183 

7.62 

1.442 

.568 

.452 

.381 

.333 

.298 

.251 

.199 

6.62 

1.493 

.615 

.491 

.414 

.362 

.324 

.272 

.214 

9.62 

1.541 

.660 

.528 

.446 

.390 

.349 

.292 

.229 

10.7b 

1.593 

.709 

.570 

.481 

.421 

.376 

.315 

.246 

12. 7d 

1.681 

.792 

.640 

.542 

.474 

.423 

.354 

.275 

14.00 

1.733 

.841 

.682 

.578 

.506 

.452 

.378 

• 293 

lo.OU 

1.813 

.916 

.747 

.635 

o 556 

.497 

.415 

.321 

16.00 

1.891 

.989 

.810 

.691 

.605 

.541 

.452 

.349 

20.00 

1.967 

1.058 

.870 

.744 

.653 

.585 

.488 

.376 

24.00 

2.113 

1.191 

.987 

.848 

.746 

.669 

.558 

.429 

30 . GU 

2.326 

1.379 

1.154 

.997 

.881 

.791 

.661 

.508 

36.00 

2.538 

1.559 

1.315 

1.141 

1.011 

.909 

.762 

.585 

42.00 

2.751 

1.735 

1.473 

1.283 

1.139 

1.026 

.861 

.661 
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SSHT-  66 


DEFINITION  Q=KP*iTG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

8TU/HR t FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/.HR  f FT  OF  PIPE » F 
T G~  AVERAGE  EARTH  TEMPERATURE t F 
TP=  PIPE  TEMPERATURE  > F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=IQ.000  BTU/HRf SQ»FT»F/IN 

THERMAL  conductivity  of  insulation 

KI”  o 400  BTU/HR*SQ.FT*F/IN 

uepfh  oe  pipe  dpth=  a . oft . 


meat  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

(INCHES) 

0U( INCHES) 

.000 

1.000 

1,500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.11b 

.337 

.268 

.228 

.201 

.183 

.157 

.130 

4 e 5u 

1 . 178 

.395 

.313 

.266 

.234 

.211 

. 181 

.147 

5 • 56 

1.237 

.451 

.359 

.304 

.267 

.240 

.204 

. 165 

6 • 62 

1.290 

.504 

.402 

.340 

.298 

.268 

.227 

. 181 

7.62 

1.336 

.551 

.441 

.373 

.327 

.293 

.248 

. 197 

6.62 

1.380 

,595 

.478 

.405 

.355 

.318 

.268 

.212 

9.62 

1.421 

.637 

.513 

.435 

.381 

.342 

.288 

.227 

10.75 

1.465 

.683 

.552 

.469 

.411 

.368 

.309 

.243 

12.75 

1.536 

,759 

,618 

.526 

.462 

,414 

.347 

.271 

1 4 » 0 U 

1.582 

a 804 

® 657 

.561 

.492 

.441 

.370 

.288 

16.00 

1 . 848 

.872 

.717 

.614 

.540 

.484 

.406 

.315 

18.00 

1.712 

.937 

.775 

e 665 

a 586 

.526 

.441 

.342 

20 .00 

1.774 

.999 

,630 

.715 

.630 

.568 

.475 

.368 

24.00 

1.891 

1.117 

.936 

.810 

.716 

» 645 

.541 

.419 

30 .00 

2.059 

1.280 

1.084 

.944 

.839 

.757 

.638 

.493 

3b  .00 

2.220 

1.433 

1.224 

1.072 

.956 

. 865 

.730 

.566 

42.00 

2.379 

1.579 

1.358 

1.195 

1.069 

.969 

,821 

.637 
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SSHT=  67 


DEFINITION  Q=KP*(TG~TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

0TU/HR t FT  OF  PIPE 
KPr  PIPE  HEAT  TRANSFER  FACTOR 
8TU/HR t FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-IQ.OQQ  BTU/HR » SQ . FT , F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI»  ,650  BTU/HR  * SQ.FT  »F/IN 

DEPTH  OF  PIPE  DPTHs:  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES » KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

• 000 

1.000 

1.500 

« 

s 

[ o 1 
0 © 

5 © i 
1 • i 

1 <\J  ! 
1 1 

2.500 

3.000 

4,000 

6.000 

3.50 

1.306 

.498 

.406 

.350 

,312 

.285 

.248 

.206 

4,50 

1.395 

.579 

.472 

.406 

.361 

,329 

,284 

.233 

5.56 

1.479 

,656 

,537 

.462 

,410 

.372 

.320 

.261 

6.62 

1.556 

.731 

.599 

.515 

.457 

.414 

,355 

.287 

7.62 

1.624 

.796 

.655 

.564 

.500 

,453 

.387 

.311 

3.62 

1.669 

.856 

.706 

.610 

.541 

.490 

.418 

.335 

9.62 

1.751 

.918 

.760 

.656 

.581 

.526 

.448 

.358 

10.75 

1.616 

.982 

,816 

.705 

,626 

.566 

.481 

.384 

12.75 

1.934 

1.090 

.911 

.790 

.702 

. 635 

.539 

.428 

14.00 

2.004 

1.155 

.969 

.841 

.748 

.677 

.575 

.455 

16.00 

2.113 

1.256 

1,056 

.921 

,820 

.742 

.631 

.498 

16.00 

2.220 

1.352 

1.145 

.999 

.891 

.807 

.686 

.540 

20.00 

2.326 

1.447 

1.230 

1.076 

.960 

.870 

.740 

.582 

24.00 

2.536 

1.630 

1.395 

1.225 

1.096 

.995 

• 846 

.665 

30.00 

2.660 

i .900 

1.636 

1.445 

1.296 

1.179 

1.004 

.788 

36  * 0 0 

3.199 

2,173 

1.883 

1 . 666 

1,498 

1.364 

1.163 

.912 

42.00 

3.566 

2.456 

2.135 

1.893 

1,705 

1.553 

1.325 

1.038 
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SSHTs  68 


DEFINITION  Q=KP*(TG“TP) 

WHERE  Q s HEAT  TRANSFER  TO  PIPE 

BTU/HR t FT  OF  PIPE 
KPs  RIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  #FT  OF  PIPE » F 
TG-  AVERAGE  EARTH  TEMPERATURE#  F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-10,000  BTU/HR  »SQoFT#F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  ,650  BTU/HR# SQ.FT  #F/IN 

DEPTH  OF  PIPE  DPTHs  6®0FT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

C INCHES) 

0D( INCHES) 

.000 

1.000 

1,500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 » 50 

1.187 

,480 

.393 

.341 

.305 

,279 

.243 

.203 

4,50 

1.259 

,554 

,455 

.393 

.351 

.320 

,278 

.229 

5,56 

1.327 

.626 

.516 

.446 

. 398 

. 362 

.312 

.256 

6 • 62 

1.388 

,692 

.573 

.496 

,442 

,401 

.345 

.281 

7.62 

1.442 

.750 

.823 

,540 

® 481 

,437 

.375 

• 304 

8.62 

1.493 

.805 

.671 

• 583 

.519 

.472 

.404 

.326 

9.62 

1.541 

.857 

,717 

.624 

.556 

.505 

.433 

.348 

10.75 

1 . 593 

.912 

.767 

• 668 

.596 

,542 

.464 

.372 

12.75 

1.681 

1,005 

.851 

,744 

,685 

,605 

,516 

.414 

14.00 

1.733 

1,060 

,901 

.769 

.706 

.642 

.550 

.439 

16.00 

1.813 

1,143 

.977 

.859 

.770 

,701 

.601 

.479 

18.00 

1.891 

1.222 

1,050 

.926 

,832 

.758 

.650 

.518 

20.00 

1,96? 

1.298 

1.121 

.991 

,©92 

.814 

.696 

.556 

24  e 00 

2.113 

1.443 

1,256 

1.116 

1,008 

,921 

.792 

.631 

30.00 

2.326 

1,648 

1.447 

1.293 

1.173 

1,076 

.928 

.740 

36.00 

2.538 

1,844 

1.630 

1,465 

1.333 

1,225 

1,060 

.846 

42,00 

2.751 

2.037 

1.810 

1.633 

1«4@9 

1,372 

1.190 

.951 
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SSHT=  69 


DEFINITION  Q=KP*(TG»TP) 

WHERE  Q » HEAT  TRANSFER  TO  PIPE 

8TU/HR.FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 

btu/hr.ft  of  pipe?  f 

T©=  AVERAGE  EARTH  TEMPERATURE?  F 
TP=  PIPE  TEMPERATURE  ? F 

£ 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=10.Q00  BTU/HR?SO.FT»F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K Is  .650  BTU/HR? SQ.FT  #F/IN 

DEPTH  OF  PIPE  DPTH=  8. OFT. 


HEAT  transfer  factors  OF  underground  PIPES?  KP 


PIPE  SIZE 

insulation  thickness 

(INCHES) 

od ( inches ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.115 

.466 

.385 

.334 

.300 

.275 

.240 

.201 

4.50 

1.178 

♦ 538 

.444 

.385 

.345 

.315 

.274 

.226 

5.56 

1.237 

.605 

.502 

.435 

» 389 

.355 

.307 

.252 

6.62 

1.290 

.667 

.555 

o 482 

.431 

.393 

.339 

.277 

7.62 

1.336 

.720 

.602 

.524 

.469 

.427 

.368 

.299 

8.62 

1.380 

.771 

.647 

® 564 

.505 

.460 

.396 

.321 

9.62 

1.421 

*818 

.690 

.603 

• 540 

.491 

.423 

.342 

10.75 

1.465 

.868 

.736 

.644 

.577 

.526 

.452 

.365 

12.75 

1.538 

.952 

.813 

.714 

• 641 

.585 

.503 

.405 

14.00 

1.582 

1.001 

• 858 

.756 

.680 

• 620 

.534 

.429 

16.00 

1.648 

1.075 

.927 

.320 

.739 

.675 

.581 

.467 

18.00 

1.712 

1 o 145 

.993 

.801 

.795 

.728 

.627 

.503 

20.00 

1.774 

1.211 

1.055 

.939 

.850 

.779 

.672 

.539 

24.00 

1.891 

1.336 

1.173 

1.050 

.954 

.876 

.758 

.609 

30.00 

2.059 

1.509 

1.338 

1.206 

1.100 

1.014 

.881 

.710 

36.00 

2.220 

1.670 

1.493 

1.352 

1.239 

1.145 

.999 

.807 

42.00 

2.379 

1.825 

1.641 

1.493 

1.372 

1.272 

1.113 

.902 
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SSHT=  70 


DEFINITION  QsKP^ ( T G-TP ) 

WHERE  G s HEAT  TRANSFER  TO  PIPE 
BTU/HR  ? FT  OF  PIPE 
KP~  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  9 FT  OF  PIPE*  F 
YG=  AVERAGE  EARTH  TEMPERATURE » F 
TPs  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KSsiO.OOO  BTU/HR » SQ . FT * F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  i.OQO  BTU/HR* SQ.FT  *F/IN 

DEPTH  OF  PIPE  DPTHs  4 . OFT , 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2,500 

3.000 

4.000 

6.000 

3 « 50 

1.308 

.649 

.547 

.482 

,437 

,403 

.356 

,301 

4,50 

1.395 

,741 

.627 

.553 

.500 

,460 

.405 

.339 

5®  56 

1.479 

.831 

.706 

.622 

,562 

,517 

.453 

.377 

6,62 

1.556 

,912 

, 778 

.688 

,622 

.571 

,499 

.414 

7,62 

1.624 

.984 

.843 

,746 

.675 

.620 

.541 

.447 

8,62 

1,689 

1.052 

.905 

.802 

.726 

,667 

.582 

.479 

9,62 

1.751 

1.117 

.964 

.856 

.775 

.713 

.621 

.510 

10,75 

1.818 

1,186 

1.028 

.915 

,829 

.763 

.665 

» 545 

12,75 

1.934 

1,303 

1.137 

1*015 

,922 

.848 

.739 

•*604 

14,00 

2.004 

1.373 

1,201 

1,075 

,977 

,900 

.785 

.641 

16,00 

2.113 

1.481 

1.302 

1,168 

1.064 

.981 

.856 

.698 

18,00 

2.220 

1.585 

i.399 

1.259 

1.149 

1.060 

.925 

.755 

20.00 

2.326 

1.686 

1.494 

1,347 

1,231 

1.137 

.994 

.810 

24,00 

2.536 

1,883 

1.679 

1,520 

1,393 

1,209 

1,129 

.920 

30 ,00 

2.860 

2.174 

1,951 

1.775 

1,632 

1.513 

1.328 

1,083 

36.00 

3.199 

2.471 

2,228 

2.033 

1,873 

1,740 

1.530 

1.249 

42,00 

3.566 

2.783 

2,517 

2.301 

2.123 

1,974 

1,738 

1.419 
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SSHTr  71 


DEFINITION  Q=KP*(T6-TP) 

aHERE  0 - HEAT  transfer  to  pipe 

BTU/HR  , FT  OF  PIPE 

kp=  pipe  heat  Transfer  factor 

BTU/HR, FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE,  F 
TP~  PIPE  TEMPERATURE  , F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=10.000  BTU/HR » SQ . FT , F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  1.000  BTU/HR, SQ. FT, F/IN 

DEPTH  Of-  PIPE  DPTHr  6 , OFT . 


MEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES,  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

(INCHES) 

0D( INCHES) 

. UOU 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1 . 167 

.618 

.525 

.465 

.422 

.391 

.346 

.294 

4.50 

1.259 

.701 

.598 

.530 

.481 

.444 

.392 

.330 

5 . 5o 

1.327 

.780 

.669 

.594 

.539 

.497 

.438 

.366 

6.62 

1.388 

.852 

.734 

.653 

.593 

.547 

.481 

.401 

7.62 

1.442 

.914 

.791 

.705 

.641 

.591 

.51Q 

.431 

8.62 

1.493 

.973 

.845 

.755 

.687 

.634 

.556 

.461 

0.62 

1.541 

1.027 

.897 

.803 

.731 

.675 

.592 

.490 

10.75 

1.593 

1.086 

.952 

.854 

.779 

.720 

.632 

.522 

12. 7o 

1.681 

1.183 

1.044 

.940 

.860 

.795 

.699 

.577 

14.00 

1.733 

1.240 

1.098 

.991 

.908 

.841 

.739 

*610 

1 o • 0 0 

1.813 

1.327 

1 .181 

1.070 

.982 

.911 

.802 

.661 

18.00 

1.891 

1.409 

1.260 

1.145 

1.053 

.978 

.862 

.712 

20.00 

1.967 

1.488 

1.336 

1.217 

1.122 

1.043 

.921 

.761 

24.00 

2.113 

1.638 

1.481 

1.356 

1.253 

1.168 

1.034 

.856 

3 0 . 0 o 

2.326 

1.850 

1.686 

1.552 

1.441 

1.347 

1.198 

.994 

36. 00 

2.538 

2.055 

1.883 

1.741 

1.622 

1.520 

1.356 

1.129 

42 .00 

2.751 

2.257 

2.077 

1.927 

1.799 

1.690 

1.512 

1.262 
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SSHTr  72 


DEFINITION  Q~KP* ( To~TP ) 

rtHERL  G = HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE?  F 
T G-  AVERAGE  EARTH  TEMPERATURE ? F 
TP=  PIPE  TEMPERATURE  ? F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-10 ♦ 000  BTU/HR  ? SQ . FT  » F/ IN 
THERMAL  conductivity  of  insulation 


depth  of  pipe 


KI=  1.000  btu/hr?sq.ft?f/in 

DPTH-  8. OFT. 


heat  transfer  factors  of  underground  pipes?  kp 


PIPE  SIZt. 

INSULATION  THICKNESS 

( INCHES) 

OD 1 INCHES) 

.000 

i .000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 , bu 

1.115 

.597 

.510 

.453 

.413 

. 383 

,340 

.289 

4.bU 

1 .178 

.675 

.579 

.515 

.469 

,4  34 

.384 

. 324 

5 • 5b 

1.237 

.748 

a 645 

.575 

.523 

.484 

.427 

,359 

6.62 

1.290 

.814 

,706 

.630 

.574 

.531 

.468 

.392 

7.62 

1.336 

.870 

.758 

.679 

.619 

.573 

.505 

.421 

6.62 

1 .380 

.923 

.808 

.725 

.662  ' 

.613 

,540 

.450 

9.62 

1.421 

.972 

.855 

.769 

.703 

• 6 5 1 

.574 

.477 

10.75 

1.465 

1.025 

.904 

.815 

.747 

.692 

,610 

.507 

12.75 

1.536 

1,110 

.987 

,894 

.821 

.762 

.673 

.559 

14.00 

1.582 

1.161 

1.035 

,940 

* 864 

.803 

.710 

.590 

16.00 

1.648 

1.236 

1 .109 

1.010 

.931 

.867 

.767 

.6  36 

18.00 

1.712 

1,307 

1 .178 

1.077 

.995 

.927 

.823 

.684 

20.00 

1.774 

1.374 

1.244 

1.140 

1,056 

.986 

.876 

.7  29 

24.0  0 

1.891 

1,501 

1.368 

1.260 

1.171 

1.097 

.978 

• 816 

30 .00 

2.059 

1.676 

1,540 

1,427 

1.333 

1.252 

1 . 12? 

,941 

36.00 

2,220 

1.841 

1.702 

1.585 

1,485 

1.399 

i .259 

1.060 

42.00 

2.379 

2.000 

1.857 

1.735 

1.631 

1.541 

1.391 

1 .175 

116 


SSHT=  73 


DEFINITION  Q=KP*(TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  rFT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  # F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KSsl2.Q00  BTU/HR » SQ . FT , F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K Is  .150  BTU/HR*SG.FT»F/IN 


DEPTH  OF  PIPE  DPTHs  4. OFT, 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

(INCHES) 

0D( INCHES) 

,000 

8 -*  ( 

! S 

6 

1 O 1 

1 O 8 

i o ( 

i • i 

! •"<  i 

1 ! 

i t 

.500 

2.000 

2 o 500 

3*000 

4.000 

6.000 

3.50 

1.569 

.158 

.119 

.098 

,085 

,076 

.664 

.052 

<+.50 

1.674 

.192 

• 142 

,116 

.100 

.089 

.074 

,059 

5 . 56 

1.775 

.226 

.167 

.136 

.116 

.102 

.085 

.067 

6.62 

1.867 

.260 

.191 

,154 

• 131 

• 116 

,095 

.074 

7.62 

1.949 

.291 

.213 

.172 

.146 

.128 

.105 

.081 

8.62 

2.026 

.321 

.236 

.189 

.160 

.140 

.114 

.087 

9.62 

2.101 

.351 

.257 

.206 

,174 

,152 

,124 

.094 

10.75 

2.182 

,384 

.281 

.225 

.190 

• 166 

.134 

.101 

12.75 

2.321 

,442 

.324 

.259 

,218 

,189 

,153 

.114 

14.00 

2.405 

.477 

.350 

.280 

.235 

.204 

.164 

.122 

16.00 

2.536 

.533 

.391 

.313 

.262 

.227 

.182 

.135 

18.00 

2.664 

.588 

.432 

.345 

,289 

.251 

.200 

.147 

20.00 

2.792 

.643 

.473 

.377 

.316 

.274 

.218 

.160 

24.00 

3.045 

.749 

.553 

,441 

.369 

.319 

.254 

.184 

30.00 

3.432 

.907 

.672 

,537 

,449 

.387 

.307 

.221 

36.00 

3.839 

1.064 

.790 

.631 

,528 

.455 

.360 

.258 

42.00 

4.280 

1.223 

.909 

.727 

,608 

.524 

.413 

.295 
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SSHTs  74 


DEFINITION  QSKP<MTG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR?FT  of  pipe 
KPs  PIPE  HEAT  TRANSFER  FACTOR 
/ BTU/HR  9 FT  OF  PIPE?  F 
TGs  AVERAGE  EARTH  TEMPERATURE?  F 
TPs  PIPE  TEMPERATURE  ? F 

THERMAL  CONDUCTIVITY  OF  EARTH  KSslS.OQO  BTU/HR* SQ.FT ?F/IN 
THERMAL  conductivity  OF  insulation 

KIs  ,150  BTU/HR? SQ.FT  ?F/IN 
DEPTH  OF  PIPE  DPTHS  6. OFT. 


HEAT  transfer  factors  of  underground  PIPES?  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

(INCHES) 

0D( INCHES) 

.000 

1.000 

1,500 

2.000 

2.500 

3.000 

4,000 

6.000 

3.50 

1.425 

.157 

.118 

,097 

.084 

,075 

,064 

.052 

4,50 

1.511 

.189 

,141 

.115 

.099 

,08© 

,074 

.059 

5 » 5b 

1.592 

.223 

.165 

.134 

,115 

.102 

,085 

.066 

6,62 

1.666 

.255 

.189 

.153 

.130 

.115 

.095 

.074 

7.62 

1*731 

,285 

.211 

.170 

.145 

.127 

.104 

.080 

8.62 

1.791 

.314 

.232 

.187 

.159 

,139 

.114 

.087 

9.62 

1.849 

,343 

,253 

.204 

.172 

.151 

.123 

.093 

10.75 

1.912 

e 375 

.276 

,222 

.188 

.164 

,133 

. 101 

12,75 

2*017 

,430 

.317 

.255 

.215 

,187 

,151 

.113 

14.00 

2,079 

,463 

.342 

.275 

.231 

,201 

.162 

.121 

16.00 

2.176 

,515 

.382 

.306 

.256 

,224 

,180 

.133 

18.00 

2.269 

.56? 

.420 

* 337 

,284 

.246 

.197 

. 146 

20.00 

2.360 

,617 

.459 

.36  8 

.310 

.269 

.215 

.158 

24,00 

2.536 

.714 

.533 

• 429 

,361 

,313 

.249 

.182 

30.00 

2.792 

.855 

,643 

.518 

,436 

,377 

,300 

.218 

36.00 

3.045 

.992 

.749 

.605 

,509 

,441 

.351 

.254 

42.00 

3.301 

1.127 

.855 

.692 

.583 

.505 

,401 

.289 
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SSHT=  75 


DEFINITION  0=KP*(TG-TP) 

WHERE  q = HEAT  TRANSFER  TO  PIPE 

BTU/HR*FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG:=  AVERAGE  EARTH  TEMPERATURE * F 
TP"  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=12.000  BTU/HR » SQ.FT »F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I - .150  BTU/HR»SQ.FT»F/IN 

depth  of  pipe  dpth=  8. oft. 


HlAT  transfer  factors  of  UNDERGROUND  pipes  * KP 


PIPE  SIZc 

INSULATION 

THICKNESS 

( INCHES) 

l)U  i INCHES) 

» UOU 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

A.  50 

1.337 

.156 

.117 

. 097 

.084 

.075 

.064 

.051 

4.5u 

1.413 

.188 

.140 

.115 

.099 

.088 

.074 

.059 

5 . 5o 

1.484 

.220 

. 164 

.134 

.114 

.101 

.084 

. 066 

6.62 

1.548 

.252 

.187 

.152 

.130 

.114 

.094 

.073 

7 • 6 d 

1*603 

.282 

.209 

. 169 

.144 

.126 

.104 

.080 

8.62 

1 . 65b 

.310 

.230 

.185 

.157 

.138 

.113 

.086 

9.62 

1.70b 

.338 

.250 

.202 

.171 

.150 

.122 

.093 

10.75 

1.758 

.368 

.273 

.220 

. 186 

.163 

.132 

.100 

12.75 

1 . 846 

.421 

.313 

.252 

.213 

® 186 

.150 

.113 

14.00 

1.898 

.453 

.337 

.271 

.229 

.200 

.161 

.120 

16.00 

1.978 

.503 

.375 

.302 

.255 

.222 

.178 

.133 

18.  Ou 

2.055 

.552 

.412 

.332 

.280 

.244 

. 196 

. 145 

20.00 

2.128 

.599 

.449 

.362 

.305 

.265 

.213 

. 157 

24.00 

2.269 

.691 

.520 

.420 

.355 

.308 

.246 

.181 

3 0 e 0 U 

2.470 

.822 

.624 

.506 

.427 

.371 

.296 

.216 

3b.  0 0 

2.664 

.948 

.724 

.588 

.497 

.432 

.345 

.251 

42.00 

2.85b 

1.070 

.821 

.669 

.567 

.493 

.393 

.285 
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SSHT=  76 


DEFINITION  Q=KP* ( TO-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » F T OF  PIPE 
KPr  PIPE  HEAT  TRANSFER  FACTOR 

btu/hr,ft  of  PIPE*  f 
T G-  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-12 .000  BTU/HR»SQ.FT#F/IN 
THERMAL  CONDUCTIVITY  OF  INSULATION 


DEPTH  Oh  PIPE 


Kir  .200  BTU/HR  » SQ • FT »F/IN 
DPTHr  4. OFT. 


heat  transfer  factors  of  underground  pipes*  kp 


PIPE  Size 

INSULATION  THICKNESS 

< INCHES) 

------- 

------- 

------ 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

------ 

3. 5U 

1.569 

.205 

. 155 

. 128 

.111 

o 100 

.085 

. 068 

4.50 

1.674 

.247 

.185 

.152 

.131 

.117 

.098 

.078 

5 • Sb 

1.775 

.290 

.217 

.177 

.152 

.135 

.11? 

.088 

b » 62 

1 . 867 

.332 

.247 

.201 

.172 

.152 

. 125 

.098 

7,62 

1.949 

.370 

.276 

.224 

.191 

.168 

.138 

.107 

8.62 

2.026 

.408 

« 30  3 

.246 

.209 

.183 

.150 

. 115 

9.62 

2.101 

.445 

.331 

.267 

.22  7 

.199 

. 162 

. 124 

10.75 

2.182 

.485 

.361 

.292 

.247 

.216 

.176 

.133 

12.75 

2.321 

.556 

.414 

.334 

.283 

.247 

.200 

.150 

14.00 

2.405 

.599 

.447 

.360 

.305 

.266 

.215 

. 161 

16.00 

2.536 

» 667 

.498 

.402 

.339 

.296 

.238 

.177 

18.00 

2.664 

.733 

.549 

.443 

.374 

.325 

.261 

. 193 

20.0  0 

2.792 

,798 

.599 

.483 

.408 

.355 

.2  8U 

.210 

24.0j 

3.045 

.926 

.69? 

. 563 

.475 

.413 

.330 

.242 

30 . 00 

3.432 

1.115 

.844 

.682 

.576 

.500 

.399 

.290 

3o  .00 

3.839 

1.303 

.989 

.801 

. 676 

.586 

.467 

.338 

42.00 

4.280 

1.493 

1.136 

.921 

.777 

.674 

.536 

• 386 
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SSHT=  77 


DEFINITION  Q=KP* ( TG-TP) 

WHERE  G = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE,  F 
TG=  AVERAGE  EARTH  TEMPERATURE,  F 
TP™  PIPE  TEMPERATURE  * F 


THERMAL  CONDUCTIVITY 

OF 

EARTH  KS-12 

.000 

btu/hr, sg>. ft, f/in 

THERMAL  CONDUCTIVITY 

OF 

insulation 

K I - 

.200 

BTU/HR, SO. FT, F/IN 

DEPTH  OF  PIPE 

DPTH= 

6. OFT 

meat  TRANSFER  factors  of  underground  pipes,  kp 


PIPE  SI/E 

INSULATION  THICKNESS 

( INCHES) 

) 

• 

UU ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

0 

8 

3.50 

1.425 

.202 

.153 

.127 

.111 

.099 

.084 

.068 

3 

4.50 

1.511 

.243 

. 183 

.151 

.130 

.116 

.098 

.078 

8 

5 • 56 

1.592 

.285 

.214 

.175 

. 150 

.133 

.111 

.008 

1 

6.62 

1 • 666 

.325 

.243 

. 199 

. 170 

.150 

. 124 

.097 

5 

7.62 

1.731 

.362 

.271 

.220 

. 188 

.166 

.137 

.106 

4 

6.62 

1.791 

.397 

.298 

.242 

.206 

.181 

.149 

.114 

3 

9.62 

1.849 

.432 

.324 

.263 

.224 

.196 

.161 

.123 

0 

10.75 

1.912 

.471 

.353 

.286 

.243 

.213 

.174 

.132 

1 

12.75 

2.017 

• 536 

.403 

.327 

.270 

.243 

.197 

. 149 

1 

14.00 

2.079 

.576 

.434 

.352 

.299 

.261 

.212 

.159 

3 

16.00 

2.176 

.639 

.482 

.391 

.332 

.290 

.234 

.175 

0 

18.00 

2.269 

.699 

.530 

.430 

.365 

.318 

.257 

. 191 

2 

20.00 

2.360 

.758 

.576 

.468 

.397 

.346 

.279 

.207 

0 

24.00 

2.536 

.873 

• 667 

.543 

.461 

.402 

.323 

.238 

B 

3 0 • 0 0 

2.792 

1.037 

.798 

.652 

.554 

.483 

.388 

.284 

6 

36.00 

3.045 

1.196 

.926 

.759 

.646 

.563 

.452 

.330 

42.00 

3.301 

1.352 

1.052 

• 865 

.736 

.643 

.516 

.376 
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definition 

WHERE 


bbM  I - / O 

Q-KP* ( TG-IP) 

G - HEAT  TRANSFER  TO  PIPE 
RTi  'HR  f F T OF  PIPE 

kp=  pipe  heat  transfer  factor 

BTU/HR  5.  FT  OF  PIPE?  F 
T G-  AVERAGE  EARTH  TEMPERATURE  r F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  COhuUCT I V I T Y OF  EARTH  KS=12.000  BTU/HR » SQ . FT » F / I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  » 200  BTU/HR ?SQ. FT »F/IN 


DEPTH  Oh  PIPE 


DPTHr  8 9 OFT  • 


HEAT  transfer  factors  OF  underground  PIPES?  KP 


— „ — 

” 

PIPE  SIZE 

INSULATION  THICKNESS 

(INCHES) 

D ( INCHES) 

.000 

1 .000 

1.500 

2.000  2 

.500 

3,000 

4 .000 

6.000 

*»  CM*  SOB  «» 

‘®  ® «■*  'K®  "" 

-----  — 

3 » SO 

1.337 

,200 

.152 

,127 

.110 

.099 

. 084 

• 06  3 

4. SO 

1.413 

.240 

. 182 

.150 

. 129 

.115 

.097 

• 07  7 

S « So 

1.484 

.281 

.212 

.174 

. 149 

. 1 3 3 

.111 

. 0 87 

b » b2 

1 » S48 

.320 

,241 

. 197 

. 169 

, 149 

.124 

, 097 

7 . 02 

1 .60  3 

.356 

.267 

.218 

. 187 

. 165 

.136 

- 1 n b 

6 • d2 

1 a b5S 

.390 

.294 

.239 

.204 

,180 

. 146 

. 1 lu 

9 . 62 

1.705 

.424 

.319 

.260 

.221 

. 195 

0 1 60 

• 122 

10. 7S 

1.758 

.461 

.347 

.283 

.241 

.211 

. 173 

.131 

12  0 7S 

1 « 84b 

,524 

.396 

.3  22 

,274 

.240 

. 196 

. 148 

14,01) 

1.898 

• S62 

» 426 

.346 

.295 

.256 

.210 

. 1 58 

lb.  00 

1.976 

.621 

.472 

,385 

.327 

.286 

.232 

. 174 

18.00 

2,055 

,678 

.517 

.422 

,359 

,314 

.254 

. ] 69 

20.00 

2.128 

.733 

.561 

.458 

. 390 

,341 

.276 

*205 

24.00 

2.269 

,039 

.647 

.530 

,451 

,394 

.318 

• 235 

30 .00 

2.470 

.989 

.770 

• 633 

,540 

.473 

.381 

*281 

3b . Qu 

2.664 

1.133 

.888 

.733 

.627 

.549 

.443 

. 325 

42.00 

2.85S 

1.271 

1.002 

• 830 

.711 

,624 

.50  3 

. 36<o 
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SSHTr  79 


DEFINITION  Q=KP* ( T G“TP ) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

RTU/HR  t FT  OF  PIPE 

k p~  pipe  heat  transfer  factor 

BTU/HR  t FT  OF  PIPE*  F 
T 6-  AVERAGE  EARTH  TEMPERATURE * F 
TP-  PIPE  TEMPERATURE  ► F 

THERMAL  conuuctivity  of  EARTH  KS=12.000  btu/hr »sq. ft  » f / in 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI  = ,250  3TU/HR»S0.FT»F/IN 


DEPTH  OT  PIPE 


DPTH=  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES.  K P 


PIPE  SIZE 

INSULATION  THICKNESS 

« INCHES) 

uD( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • 50 

1.569 

.249 

.190 

.158 

.137 

.123 

.105 

.085 

4.50 

1.674 

.299 

.226 

.187 

. 162 

.144 

.121 

.097 

5 • 5o 

1.775 

.350 

.264 

.217 

. 187 

. 166 

.138 

.109 

6 • bd 

1.867 

.399 

.300 

.246 

.211 

.187 

.155 

.121 

7.62 

1.949 

.443 

.334 

.273 

.233 

.206 

. 170 

.132 

8 « 62 

2.026 

.487 

.367 

.299 

.256 

.225 

. 185 

. 143 

9.62 

2.101 

.530 

.399 

.325 

.277 

.244 

.200 

.153 

10.75 

2.162 

.577 

.435 

.354 

.302 

.265 

.217 

. 165 

12.76 

2.321 

.658 

.497 

.405 

.344 

.302 

.246 

.186 

14.00 

2.405 

.707 

.535 

.436 

.370 

.324 

.263 

. 198 

16.00 

2.536 

.784 

.595 

.485 

.412 

.360 

.292 

.218 

18.00 

2.664 

.860 

.654 

.533 

.453 

.396 

.320 

.238 

20.00 

2.792 

.934 

.713 

.581 

.493 

.431 

.348 

.258 

24.00 

3.045 

1.079 

.827 

.675 

.574 

.501 

.404 

.298 

50.00 

3.432 

1.293 

.997 

.815 

.693 

.605 

.486 

. 357 

56 . 00 

3.839 

1.506 

1.165 

.955 

.812 

.709 

.569 

.415 

42.00 

4.280 

1.722 

1.336 

1.096 

.932 

.813 

.65? 

.475 
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SSHT “ BO 


DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  * FT  OF  PIPE 
KP-  RIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPE*  F 
16=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCT IVXTY  OF  EARTH  KS=I2,0Q0  BTU/HR » SQ . FT » F/ IN 

thermal  conductivity  of  insulation 

KI=  9 250  BTU/HR »SQ*FT » F/ 1 N 
DEPTH  OF  PIPE  DPTHr  6.0FT, 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

UD( INCHES) 

,000 

1,000 

1.500 

2,000 

2.500 

3.000 

4.000 

6.000 

3.50 

1,425 

.245 

. 188 

.156 

.136 

,122 

e 1 04 

.085 

4,50 

1.511 

.293 

« 223 

.185 

. 160 

.143 

.120 

. 096 

5 ® 5b 

1.592 

® 342 

,259 

,214 

. 184 

. 164 

.137 

.108 

6,62 

1 • 666 

.389 

,295 

.242 

,208 

.184 

. 153 

. 120 

7.62 

1.731 

,431 

.327 

.268 

.230 

.203 

. 168 

.131 

a. 62 

1.791 

.472 

.358 

.293 

.251 

.222 

,183 

. 141 

9.62 

1,849 

,512 

.389 

.318 

,272 

.240 

. 197 

. 152 

10.75 

1.912 

• 556 

,423 

.346 

,296 

.260 

.214 

. 163 

12,75 

2,017 

,631 

,482 

.394 

.337 

.296 

.242 

. 183 

14.00 

2.079 

,676 

,517 

,424 

.362 

,318 

,259 

. 196 

16,00 

2.176 

,746 

.573 

» 470 

.401 

.352 

.286 

.215 

18.00 

2.269 

.814 

,628 

.515 

e 440 

.386 

.313 

.235 

20.0  0 

2.360 

.880 

.681 

« 560 

,478 

.419 

.340 

.254 

24 .00 

2,536 

1.007 

,784 

• 646 

,553 

.485 

.393 

.292 

50.00 

2.792 

1.189 

.934 

,773 

.662 

.581 

.471 

.348 

36.00 

3.045 

1.365 

1,079 

.896 

.769 

.675 

.547 

.404 

42,00 

3,301 

1.537 

1 . 222 

1.018 

,675 

,759 

.623 

.459 
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SSHTr  81 


DEFINITION  Q=KP*(TG-TP) 

INHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  t FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  s FT  OF  PIPE*  F 
T6=  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=12,000  BTU/HR » SO . FT  * F/ 1 N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  ,250  BTU/HR*SQ.FT»F/IN 

DEPTH  0(-  PIPE  *DPTH=:  Q.0FT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZt 

INSULATION  THICKNESS 

( INCHES) 

UD ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1,337 

.242 

.186 

. 155 

.135 

,122 

.104 

.084 

4.50 

1.413 

.289 

.221 

.183 

. 159 

. 142 

.120 

.096 

5.5b 

1.484 

.337 

.256 

.212 

.183 

.163 

.136 

.108 

6.62 

1.548 

.382 

.291 

.239 

.206 

.183 

.152 

.119 

7.62 

1.603 

.423 

.322 

.265 

.228 

e 20 1 

. 167 

.130 

6.62 

1.655 

.462 

.353 

.290 

.248 

.220 

.181 

. 140 

9.62 

1.705 

.500 

.382 

.314 

.269 

.237 

. 196 

.151 

10.75 

1.758 

.542 

.415 

.341 

.292 

.257 

.211 

. 162 

12.75 

1 • 84o 

.613 

.471 

.387 

.332 

.292 

.239 

. 182 

14.00 

1.898 

.655 

® 505 

.416 

.356 

.313 

.256 

.194 

16.00 

1.976 

.721 

.558 

.460 

.394 

.346 

.283 

.213 

18.00 

2.055 

,784 

.610 

.503 

.431 

.379 

.309 

.232 

20 .00 

2.128 

,846 

.660 

.545 

.468 

.411 

.335 

.251 

24.00 

2.269 

.962 

.757 

.628 

.539 

.474 

.386 

.288 

30.00 

2.470 

1.127 

.895 

.746 

.642 

.566 

.460 

.342 

36.00 

2.664 

1.283 

1.027 

.860 

.742 

.654 

.533 

.396 

42.00 

2.855 

1,433 

1.155 

.971 

.840 

.742 

.605 

.449 
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SSHT-  82 


DEFINITION  G=KP*(TG~TP) 

INHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPF 

KP=  pipe  heat  transfer  factor 

BTU/HR t FT  OF  PIPE*  F 
16=  AVERAGE  EARTH  TEMPERATURE  * F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=12.00G  BTU/HR » SQ » FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  ® 300  BTU/HR  r SG ® FT » F/ 1 N 

DEPTH  Of-  PIPE  DPTH=  4 ® OFT . 


heat  transfer  factors  of  underground  PIPES*  KP 


PIPE  SIZc 

insulation  thickness 

( INCHES) 

UD( INCHES) 

. OOu 

1.000 

1.500 

2,000 

2.500 

3.000 

4.000 

6.000 

3 . 50 

1 .b69 

.290 

.223 

.186 

. 163 

. 146 

,125 

.101 

4 • bU 

1.674 

.347 

.265 

.220 

. 191 

.171 

. 144 

.115 

b . bo 

1.77b 

.405 

.309 

.255 

.220 

.196 

. 164 

.130 

6.62 

1.867 

.460 

.350 

,286 

.248 

® 220 

. 183 

. 144 

7.62 

1.949 

.511 

,389 

.319 

.275 

.243 

.201 

.157 

6.62 

2.02b 

.559 

,426 

.350 

,300 

. 265 

.219 

.169 

9 • 62 

2.101 

.607 

.463 

,380 

.325 

.287 

.236 

.182 

10*75 

2.182 

.659 

.504 

.413 

.354 

.311 

.256 

. 196 

12.7b 

2.321 

.749 

,574 

.471 

,403 

.354 

,290 

.220 

14.00 

2.40b 

.804 

,617 

.506 

.433 

e 380 

. 31 1 

.235 

16.00 

2.536 

.889 

.685 

. 562 

.480 

® 422 

.344 

.259 

16.00 

2.664 

.972 

,751 

.617 

.527 

a 463 

« 376 

.282 

20.00 

2.792 

1.053 

, 816 

.672 

,574 

.504 

.409 

.306 

24.00 

3.04b 

1.212 

,944 

.779 

.666 

,584 

,473 

.352 

30.00 

3.432 

1.446 

1.134 

.937 

*802 

.704 

.569 

.421 

36.00 

3.839 

1.680 

1,322 

1.095 

.938 

,823 

.665 

.490 

42.00 

4*280 

1,917 

1.514 

1.255 

1.076 

*944 

.762 

.559 
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SSHT=  83 


DEFINITION  Q=KP* ( TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  t FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  » FT  OF  PIPE » F 
TG  = AVERAGE  EARTH  TEMPERATURE » F 
TP~  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=12.000  BTU/HR » SQ . FT , F/ 1 N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .300  BTU/HR  » SQ « FT  r F/ IN 

DEPTH  Ol-  PIPE  DPTH-  6 ® OFT  * 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES'  KP 


PIPE  SIZE  INSULATION  THICKNESS  (INCHES) 


0U( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5U 

1.425 

.285 

.220 

. 184 

. 161 

.145 

.124 

.101 

4.50 

1.511 

.340 

.261 

.217 

. 189 

.169 

. 143 

.115 

5 . bo 

1.592 

,395 

.303 

.251 

.217 

, 193 

. 162 

. 129 

6.62 

1 . 666 

.447 

.343 

.283 

.244 

.217 

.181 

. 143 

7.62 

1.731 

.494 

.379 

.313 

.270 

.239 

. 199 

.155 

8.62 

1.791 

.540 

.415 

.342 

.294 

.261 

.216 

. 168 

9.62 

1.849 

• 584 

.450 

.371 

.319 

.282 

.233 

.180 

10.75 

1.912 

.632 

,488 

.402 

.346 

.305 

.252 

.193 

12.75 

2.017 

.714 

.553 

.457 

.392 

.346 

.284 

.217 

14.00 

2,079 

* 764 

.593 

.490 

.421 

.371 

.304 

.231 

16.00 

2.176 

e 84  0 

• 655 

.542 

.466 

.411 

.336 

.254 

16.00 

2.269 

.914 

.716 

.593 

.510 

.449 

.367 

.277 

20.00 

2,360 

.985 

.775 

.643 

.553 

.487 

.398 

.299 

24.0  0 

2.536 

1.122 

.889 

.740 

.638 

.562 

.459 

.344 

30.00 

2.792 

1.318 

1.053 

.881 

.761 

.672 

.548 

.409 

36 .00 

3.045 

1.507 

1.212 

1.019 

.881 

,779 

.636 

.473 

42.00 

3.301 

1.691 

1.369 

1.154 

1.000 

.884 

.723 

.538 
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S5HT=  84 


definition  Q=KP*(TG“TP> 

rtHERE  Q s HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TPs  PIPE  TEMPERATURE  » F 


THERMAL 

conductivity 

OF 

EARTH  KS=i2 

*000 

BTU/HR'SQ.FTpF/IN 

THERMAL 

CONDUCTIVITY 

OF 

insulation 

KI  = 

*300 

BTU/HR  ? SQ .FT  r F / 1 N 

DEPTH  Oh 

PIPE 

DPTHs 

8 » OFT 

• 

HEAT  transfer  FACTORS  of  UNDERGROUND  PIPES'  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

UU( INCHES ) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3. SO 

1.337 

.281 

.218 

« 1 83 

* 160 

.144 

. 123 

* 100 

4. SO 

1.413 

.334 

*258 

.215 

, 187 

.168 

. 142 

.114 

5 . So 

1.484 

.388 

.298 

.248 

.215 

.192 

.161 

. 128 

6 « 62 

1 , S46 

.438 

.337 

,279 

.242 

.215 

. 180 

. 142 

7*62 

1.603 

.483 

.373 

*309 

.266 

.237 

. 197 

. 154 

3.62 

1 .653 

.527 

*407 

.337 

.291 

.258 

.214 

. 166 

9.62 

1.705 

.569 

*440 

.364 

.314 

.278 

.230 

. 178 

10.7S 

1.756 

*614 

*477 

.395 

,340 

,301 

* 24Q 

. 192 

12.75 

1.846 

.691 

,540 

*447 

.385 

.341 

,281 

.215 

14.00 

1.898 

.738 

,577 

,479 

,413 

.365 

.300 

.229 

16.00 

1.978 

.809 

.636 

.529 

.456 

.403 

.331 

.251 

18.00 

2. OSS 

,877 

.693 

.577 

,498 

.440 

.361 

.273 

20.00 

2,126 

.942 

.748 

.624 

.539 

,477 

.391 

• 295 

24.00 

2.269 

1.067 

.854 

,716 

*619 

.548 

. 449 

.338 

30.00 

2.470 

1.242 

1.004 

o 846 

.735 

.651 

.534 

.401 

36.00 

2.664 

1.407 

1.147 

,972 

,846 

.751 

o 617 

.463 

42.00 

2.855 

1.565 

1.285 

1.093 

.954 

.849 

.698 

.524 
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S5HT  = 85 


DEFINITION  Q=KP* (TG-TP) 

WHERE  G - HEAT  TRANSFER  TO  PIPE 

DTU/HR  # F T OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  r FT  OF  PIPE  » F 
TG=  AVERAGE  EARTH  TEMPERATURE * F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-12  * 000  BTU/HR »SQ. FT  » F / 1 N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .350  BTU/HR »SQ. FT  »F/IN 


DEPTH  OF  PIPE 


DPTH- 


4 » 0 FT . 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0U( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.5b9 

.330 

.255 

.214 

. 187 

.169 

.144 

. 117 

4.50 

1.674 

.393 

.303 

.252 

.220 

.197 

.166 

. 134 

5 « bb 

1.775 

.457 

.351 

.291 

.253 

.225 

. 189 

. 150 

6.62 

1.867 

.517 

.398 

. 329 

.285 

.253 

.211 

. 166 

7.62 

1.949 

.572 

.440 

.364 

.314 

.279 

.232 

. 181 

6.62 

2.026 

.626 

.482 

.398 

.343 

.304 

.252 

. 196 

9.62 

2.101 

.678 

.523 

.432 

.372 

.329 

.272 

.210 

10.75 

2.182 

.734 

.568 

.469 

.403 

.356 

.294 

.226 

12.75 

2.321 

.832 

. 645 

» 533 

.458 

.404 

.332 

.254 

14.00 

2.405 

,890 

.693 

,573 

.492 

.434 

.356 

.271 

16.00 

2.536 

.982 

,767 

.635 

.545 

.481 

.394 

.298 

18.00 

2.664 

1.072 

.839 

• 696 

.598 

.527 

.431 

.325 

20.00 

2.792 

1.159 

.911 

.756 

.650 

.572 

.468 

.351 

24.00 

3.045 

1.330 

1.051 

.874 

.752 

.663 

. 540 

.404 

30.00 

3.432 

1.580 

1.257 

1.049 

.904 

.797 

.64Q 

.483 

36.00 

3.839 

1.831 

1 • 463 

1.224 

1.055 

.930 

.757 

.562 

42.00 

4.280 

2.087 

1.673 

1.401 

1.209 

1.066 

.867 

.642 
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SSHT-  86 


DEFINITION  Q=KP*(T6-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  f FT  OF  PIPE 

K P=  pipe  heat  transfer  factor 

BTU/HR , FT  OF  PIPE  e F 
I G~  AVERAGE  EARTH  TEMPERATURE » F 
TP”  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=12.000  BTU/HR » SO , FT  * F/ 1 N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  » 350  BTU/HR»SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH=  6. OFT® 


heat  transfer  factors  of  underground  PIPES.  KP 


PIPE  SIZE  INSULATION  THICKNESS  (INCHES) 


0D( INCHES) 

.000 

l.COO 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • 50 

1.42b 

.323 

.251 

,211 

.185 

.167 

.143 

.116 

4 e 5U 

1.511 

.383 

.297 

.248 

,216 

.194 

.165 

.13  3 

5.56 

1.592 

.443 

.343 

.286 

,248 

.222 

.187 

. 149 

6.62 

1 . 66t> 

.501 

.388 

.322 

.279 

.249 

.209 

.165 

7 « 62 

1.731 

.552 

.428 

.356 

• 308 

.274 

.228 

. 179 

8.62 

1.791 

.601 

.467 

.388 

• 336 

.298 

.248 

. 193 

9.62 

1.849 

.649 

.506 

.420 

,363 

.322 

.267 

.207 

10.7b 

1.912 

.701 

9 547 

.455 

.393 

.348 

.288 

• 2 23 

12.75 

2.017 

.789 

.619 

.515 

.445 

o 394 

.325 

.249 

14.00 

2.079 

.842 

. 663 

.552 

.477 

.422 

. 348 

.266 

16.00 

2.176 

.923 

.730 

9 609 

.526 

, 466 

.384 

.292 

18.00 

2.269 

1.001 

.796 

. 665 

,575 

.509 

.419 

.318 

20.00 

2.360 

1.077 

,859 

.720 

,623 

.552 

.453 

.343 

24 . 00 

2.536 

1.222 

.982 

. 826 

.716 

.635 

.522 

.394 

30.00 

2.792 

1.429 

1.159 

.980 

.852 

,756 

.621 

.468 

36.00 

3.045 

1.627 

1.330 

1.129 

.984 

.874 

,719 

.540 

42.00 

3.301 

1.821 

1.497 

1.275 

1.114 

.991 

,816 

.613 
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SSHT=  87 


definition 


Q=KP* (TG-TP) 


a HE RE  Q ~ 

KP  = 

TG= 

TP- 

THERMAL  CONuUCT I V I TV  OF 
THERMAL  CONDUCTIVITY  OF 

DEPTH  OF  PIPE 


HEAT  TRANSFER  TO  PIPE 
BTU/HR.FT  OF  PIPE 

pipe  heat  transfer  factor 

BTU/HReFT  OF  PIPE*  F 

AVERAGE  EARTH  TEMPERATURE » F 

PIPE  TEMPERATURE  * F 

EARTH  KS=12.Q00  BTU/HR » SO . FT » F/ IN 

INSULATION 

KI=  ,350  BTU/HR* SQ.FT  *F/IN 
DPTH=  8. OFT. 


nEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES  * KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0U( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.337 

.318 

.246 

.209 

. 184 

, 166 

. 142 

.116 

4 • 50 

1.413 

.377 

.293 

.245 

.214 

.192 

.163 

. 132 

5.5b 

1.484 

.435 

.338 

.282 

.246 

. 220 

. 185 

. 148 

6.62 

1.546 

.489 

.381 

• 318 

.276 

.246 

.207 

. 163 

7.62 

1.603 

.538 

.420 

.350 

.304 

.270 

.226 

. 178 

8.62 

1.655 

.585 

.458 

.381 

.330 

.294 

.245 

. 191 

9.62 

1.705 

.630 

.494 

.412 

.357 

.317 

.264 

.205 

10.75 

1.758 

.679 

.534 

.445 

.386 

.343 

.284 

.220 

12.75 

1.846 

.761 

.602 

.503 

.436 

.387 

.320 

.247 

14.00 

1.896 

.810 

*643 

.538 

« 466 

.414 

.342 

.263 

16.00 

1.978 

.885 

.706 

.593 

.514 

.456 

.377 

.288 

18.00 

2.055 

.957 

.767 

* 645 

.560 

.497 

.411 

.313 

20.00 

2.126 

1.026 

.826 

.697 

• 60  5 

.538 

.444 

. 338 

24.00 

2.269 

1.157 

.939 

.796 

.693 

.616 

.509 

. 386 

30.00 

2.470 

1,340 

1.100 

.937 

.819 

.730 

.604 

.457 

36.00 

2.664 

1.512 

1.251 

1.072 

.940 

.839 

.696 

.527 

42.00 

2.855 

1.676 

1.398 

1.202 

1.057 

.946 

.785 

.595 

131 


SSHT-  68 


DEFINITION  Q=KP* ( TG-TP) 

INHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
K P~  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR * FT  OF  PIPE*  F 
TGs  AVERAGE  EARTH  TEMPERATURE  * F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=I2.Q00  BTU/HR » SQ , FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  9 400  BTU/HR  »SQ.FT»F/IN 

DEPTH  Of-  PIPE  DPTHr  4, OFT. 


HEAT  TRANSFER  factors  OF  UNDERGROUND  PIPES*  kp 


PIPE  SIZE 

INSULATION  THICKNESS 

(INCHES) 

GDI  INCHES) 

.000 

1.000 

1.500 

2.000 

2,500 

3.000 

4.000 

6.000 

3.50 

1.569 

.367 

.286 

.241 

.211 

.191 

.163 

.133 

4*50 

1.674 

.436 

.338 

.283 

.247 

,222 

. 188 

.152 

5.56 

1.775 

.505 

.392 

• 326 

.284 

.254 

.214 

.170 

6 • 62 

1.867 

.570 

.443 

.366 

.319 

,285 

,239 

. 188 

7.62 

1.949 

.630 

.489 

.407 

.352 

.313 

.262 

.205 

8 . 62 

2.026 

.687 

.534 

.444 

.384 

.341 

.284 

.221 

9.62 

2.101 

.742 

.579 

.481 

.416 

.369 

.306 

.238 

10,75 

2.182 

.803 

.627 

.521 

.450 

.399 

.331 

• 255 

12.75 

2.321 

.906 

.711 

.592 

,511 

.452 

.373 

.287 

14.00 

2.405 

.969 

.762 

. 635 

.548 

.485 

.400 

.306 

16.00 

2.536 

1.066 

.842 

.702 

.607 

.537 

.442 

.336 

18.00 

2.664 

1.161 

.921 

.769 

.664 

.588 

.483 

.366 

20.00 

2.792 

1.254 

.997 

.834 

.721 

. 638 

.524 

.396 

24.00 

3.045 

1.434 

1.148 

.963 

. 833 

.737 

.605 

.455 

30.00 

3.432 

1.699 

1.369 

1.152 

.999 

.884 

.725 

.543 

36.00 

3.839 

1.963 

1.590 

1.342 

1.164 

1.031 

,845 

.632 

42.00 

4.280 

2.235 

1.816 

1.534 

1.332 

1.160 

.967 

.721 
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SSHT=  89 


DEFINITION  Q=KP*<TG-TP) 

HvHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  # FT  OF  PIPE 
KP"  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  r FT  OF  PIPE*  F 
T G=  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-12 .000  btu/hr»sq,ft*f/in 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I - .400  BTU/HR *SQ*FT  »F/IN 

DEPTH  OF  PIPE  DPTH-  6. OFT. 


HEAT  transfer  factors  of  underground  PIPES*  KP 


PIPE  SI ItL 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2,000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.425 

.359 

.281 

.237 

.208 

. 188 

. 161 

.132 

4.50 

1.511 

.424 

.331 

.278 

.243 

.219 

.186 

. 150 

5.5b 

1.592 

.489 

.382 

.320 

.279 

.250 

.211 

. 169 

6.62 

1 • 666 

.550 

.430 

• 360 

.313 

.280 

.235 

. 186 

7 • 62 

1.731 

.605 

.474 

* 396 

.344 

.307 

.257 

.202 

6 » 62 

1.791 

.658 

.517 

.432 

.375 

.334 

.279 

.218 

9.62 

1.849 

.708 

,558 

e 466 

.405 

.360 

.300 

.234 

10.75 

1.912 

.763 

.603 

.504 

.438 

,389 

.324 

.251 

12.75 

2.017 

.856 

. 680 

.570 

.494 

.439 

.365 

.281 

14,00 

2.079 

.912 

.726 

.610 

.529 

.470 

.390 

.300 

16.00 

2.176 

.997 

.798 

.672 

.583 

.518 

.429 

.329 

18.00 

2.269 

1.079 

.868 

.732 

» 636 

.566 

.468 

.357 

20.00 

2.360 

1.158 

.936 

.791 

.688 

.612 

.506 

• 386 

24.00 

2.536 

1.310 

1.066 

.905 

.789 

.702 

.581 

.442 

30.00 

2.792 

1.525 

1.254 

1.069 

.935 

.834 

.691 

.524 

36.00 

3.045 

1.731 

1.434 

1.228 

1.078 

.963 

.798 

.605 

42.00 

3.301 

1.933 

1.611 

1.385 

1.218 

1.089 

.904 

.685 
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SSHTs  90 


DEFINITION  QskP* (T6-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  » F 
TPs  PIPE  TEMPERATURE  » F 


THERMAL  CONDUCTIVITY 

OF 

earth  KSS12 

,000 

BTU/HR *SQ»FT  »F/IN 

THERMAL  CONDUCTIVITY 

OF 

insulation 

K Is 

,400 

btu/hr»sq.ft*f/in 

DEPTH  OF  PIPE 

DPTHs 

8*  OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

qd ( inches ) 

,000 

1.000 

1.500 

2.000 

2,500 

3.000 

4,000 

6.000 

3 • bO 

1.337 

,353 

,277 

.234 

.206 

.187 

. 160 

« 1 31 

4.50 

1.413 

.416 

.326 

.274 

,241 

.217 

.184 

.149 

5.56 

1.484 

.470 

,375 

.315 

,275 

.247 

.209 

. 167 

6,62 

1.548 

.537 

« 422 

.354 

,309 

.276 

.233 

. 185 

7,62 

1,603 

,509 

,464 

.309 

©339 

.303 

.254 

.201 

6*62 

1.655 

,638 

,505 

.423 

.368 

.329 

.275 

.216 

9.62 

1.705 

.606 

.544 

.457 

.397 

,354 

.296 

.231 

10,75 

1.758 

.737 

,58? 

.493 

.429 

.382 

.319 

.248 

12  o 7b 

1.846 

,824 

,059 

,555 

©403 

,431 

.359 

.278 

14.00 

1 a 898 

,875 

.703 

.593 

o 51b 

,460 

.383 

.296 

16.00 

1.978 

.953 

© 770 

©651 

.568 

.506 

.421 

.324 

18.00 

2.055 

1.028 

,835 

.708 

.618 

.551 

.458 

• 352 

20.00 

2.126 

1,099 

,897 

.763 

.667 

.595 

.494 

.379 

24.00 

2 ® 269 

1,235 

1,016 

.888 

.761 

.680 

• 566 

.433 

30.00 

2.470 

1.423 

1,104 

1. 010 

.896 

.803 

,66° 

©511 

36.00 

2 , 664 

1.601 

1,343 

1.161 

1.025 

.921 

.769 

.588 

42.00 

2.055 

1.771 

1,496 

1.299 

1.151 

1.035 

.666 

©663 
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SSHT=  91 


DEFINITION  G=KP*(TG“TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR # FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE#  F 
TP-  PIPE  TEMPERATURE  # F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS“12.Q00  BTU/HR # SO . PT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  « 6S0  BTU/HR#SQ.FT,F/IN 

DEPTH  OF  PIPE  DPTH=  4.0FT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0U( INCHES) 

.000 

1.000 

1.500 

2 e 000 

2.500 

3.000 

4.000 

6.000 

3 o 50 

1,569 

.528 

.424 

.363 

.322 

.293 

.254 

.210 

4,50 

1.674 

.618 

.496 

.423 

.374 

.339 

.291 

.238 

S*5o 

1.775 

.706 

.566 

.483 

*426 

.385 

.329 

.266 

6,62 

1.867 

.786 

.636 

,541 

.477 

.430 

.366 

.294 

7.62 

1.949 

.862 

.697 

.594 

*522 

.470 

.399 

.319 

8.62 

2.026 

.932 

.756 

*644 

» 567 

.510 

.432 

.343 

9,62 

2.101 

1.000 

.813 

.694 

,610 

.549 

.464 

.367 

10.75 

2,182 

1,073 

.876 

.748 

.658 

.592 

.499 

.394 

12  ® 75 

2.321 

1.197 

.983 

.841 

.741 

• 666 

.561 

.440 

14.00 

2.405 

1,271 

1.047 

.898 

.791 

.711 

.599 

.469 

16.00 

2.536 

1.386 

1.147 

♦ 986 

,870 

.782 

.658 

.514 

18.00 

2.664 

1.497 

1.245 

1.073 

.947 

.852 

.716 

.558 

20.00 

2.792 

1,606 

1.340 

1.157 

1.023 

.921 

.774 

.602 

24.00 

3.045 

1.617 

1.527 

1.323 

1.172 

1.056 

. 888 

.689 

30.00 

3.432 

2.127 

1,801 

1.567 

1.392 

1.256 

1.057 

.818 

36.00 

3.839 

2.439 

2.075 

1*812 

1.613 

1.456 

1.227 

.948 

42.00 

4.260 

2.762 

2.358 

2.063 

1.838 

1.661 

1.400 

1.080 
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SSHT  = 92 


DEFINITION  Q=KP* (TG-TP) 

WHERE  Q - HEAT  TRANSFER  TO  PIPE 

0TU/HR » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR ; FT  Of  PIPE?  F 
T G-  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  ? F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS-12.G00  BTU/HR * SQ . FT » F/ IN 

thermal  conductivity  of  insulation 

K I " ,650  BTU/HR? SO .FT  ?F/IN 

DEPTH  OF  PIPE  DPTH-  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES ? KP 


PIPE  SIZE 

INSULATION  THICKNESS 

C INCHES) 

0U( INCHES) 

.000 

I. 000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.425 

.511 

.413 

.355 

.316 

.288 

.250 

.207 

4.50 

1.511 

.594 

.480 

.412 

,365 

.332 

.286 

• 234 

5.5b 

1.592 

.675 

.547 

.469 

.415 

,376 

.32? 

.262 

6.62 

1 . 666 

.750 

.610 

.523 

.462 

,418 

.357 

.288 

7 • 62 

1.731 

.816 

.667 

.572 

.505 

.456 

.38Q 

.312 

8.62 

1.791 

.879 

.721 

.618 

.547 

.494 

.420 

.336 

9.62 

1.849 

,939 

.772 

» 664 

• 587 

.530 

.450 

.358 

10.75 

1.912 

1.003 

.829 

,713 

,631 

.570 

.483 

.384 

12.75 

2.017 

1.110 

® 923 

.797 

,707 

a 638 

.541 

.428 

14.00 

2.079 

1.174 

.980 

. 848 

,752 

.679 

.576 

.454 

16.00 

2.17b 

1.271 

1.067 

.926 

,823 

.744 

.631 

.497 

18.00 

2.269 

1.364 

1.151 

1.002 

,892 

.807 

.684 

.538 

20.00 

2.360 

1.453 

1.232 

1.075 

.958 

.868 

.736 

.578 

24.00 

2.536 

1.622 

1,386 

1.216 

1.087 

.986 

.838 

.658 

30.00 

2.792 

1.861 

1.606 

1.417 

1.272 

1.157 

.986 

.774 

36.00 

3.045 

2.090 

1.817 

1.611 

1.451 

1.323 

1.130 

.888 

42.00 

3.301 

2.316 

2,024 

1.802 

1.627 

1.466 

1.272 

1.001 
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SSHT=  93 


definition  Q=KP*(TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE,  F 
TP=  PIPE  TEMPERATURE  , F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=12.000  BTU/HR , SG . FT , F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  *650  BTU/HR, SQ, FT, F/IN 

DEPTH  OF  PIPE  DPTHr  8 , OFT . 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES,  KP 


PIPE  SIZE 

insulation  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4,000 

6.000 

3.50 

1.337 

.499 

.405 

.349 

.311 

.284 

.247 

.205 

4.50 

1.413 

.578 

.470 

.404 

.359 

,327 

.282 

.232 

5.56 

1.484 

.655 

.534 

.459 

.407 

.369 

,317 

.258 

6 * 62 

1.548 

.725 

.594 

.511 

.453 

.410 

,351 

.284 

7 . 62 

1.603 

,787 

.647 

.557 

.494 

,447 

.382 

.308 

8.62 

1.655 

,845 

, 698 

.601 

.533 

,483 

.412 

.330 

9.62 

1.705 

,900 

.746 

.644 

.572 

.517 

.441 

.353 

10.75 

1.758 

.959 

.798 

.691 

.613 

.555 

.473 

.377 

12.75 

1.846 

1.056 

.886 

.769 

.684 

.620 

.528 

.419 

14.00 

1.898 

1.114 

.938 

.816 

.727 

.659 

.561 

.445 

16.00 

1.978 

1,201 

1.017 

.888 

.793 

.719 

.613 

.485 

18.00 

2.055 

1,283 

1.093 

.958 

.856 

.778 

.663 

.525 

20.00 

2.128 

1.361 

1.165 

1.024 

.918 

.834 

.712 

.563 

24.00 

2.269 

1.506 

1.302 

1.151 

1.035 

.943 

.807 

.638 

30.00 

2.470 

1.712 

1.494 

1.329 

1.201 

1.098 

.942 

.747 

36 .00 

2.664 

1.903 

1.674 

1.497 

1.358 

1.245 

1.073 

.852 

42.00 

2.855 

2.086 

1.846 

1.659 

1.510 

1.387 

1.199 

.955 
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SSHT=  94 


DEFINITION  Q=KP*(TG»TP) 

WHERE  0 = HEAT  TRANSFER;  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BJU/HR  t FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  » F 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  K3”12*000  BTU/HR * SO . FT » F/ 1 N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  1 *000  BTU/HR  r SO  « FT » F / I N 

DEPTH  OF  PIPE  DPTHr  4. OFT* 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 
PIPE  SI Zl.  INSULATION  THICKNESS  (INCHES) 


UU( INCHES) 

.000 

1.000 

1.500 

2.000 

2,500 

3.000 

4.000 

6.000 

3.50 

1.569 

.700 

.581 

.507 

,457 

.419 

.368 

.308 

4.50 

1.674 

.806 

.670 

.585 

, 525 

.481 

.419 

.348 

5.5b 

1.775 

.908 

.758 

.662 

,593 

.542 

,471 

.388 

6 • 62 

1.867 

1.003 

.841 

.734 

,658 

,601 

.520 

.427 

7.62 

1.949 

1.086 

.914 

.799 

o 717 

• 6 54 

• 565 

.462 

8.62 

2.026 

1 , 165 

.984 

.862 

.773 

.706 

.609 

.495 

9.62 

2.101 

1.240 

1.052 

.923 

® 820 

.756 

,652 

.529 

10.75 

2.182 

1.321 

1.125 

» 988 

, 888 

,810 

.699 

.565 

12.75 

2.321 

1.458 

1.249 

1.101 

,991 

.905 

.780 

.629 

14.00 

2.405 

1.540 

1.324 

1.169 

1.053 

*962 

.829 

.668 

16.00 

2 » 53b 

I . 666 

1.439 

1.275 

1.150 

1.052 

,907 

.729 

18.00 

2.664 

1.788 

1.551 

1.378 

1.244 

1,139 

.983 

.789 

20.00 

2.792 

1.906 

1 . 660 

1.476 

1 . 337 

1.225 

1.058 

.849 

24.00 

3.045 

2.136 

1,073 

1.674 

1,519 

1.394 

1,205 

.966 

50.00 

3.432 

2.476 

2.186 

1.963 

1,78? 

1.643 

1.423 

1.141 

36.00 

3.839 

2.821 

2.503 

2,255 

2.056 

1.894 

1.643 

1.317 

42.00 

4,280 

3.182 

2.832 

2,557 

2.335 

2.152 

1,869 

1.498 
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SSHT=  95 


DEFINITION  Q=KP* (TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

btu/hr » ft  of  pipe 

KP-  PIPE  heat  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  * F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=12,000  BTU/HR » SQ . FT » F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I-  1,000  BTU/HR »SQ. FT  *F/IN 

DEPTH  01-  PIPE  DPTH=  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • 50 

1.425 

.670 

.560 

.491 

.443 

.408 

.359 

.302 

4.50 

1.511 

.766 

.643 

. 563 

.508 

• 466 

.408 

.341 

5 • 5b 

1.592 

.858 

.723 

.634 

.571 

.524 

.457 

.379 

6 • 62 

1 • 666 

.942 

.797 

.701 

» 631 

.578 

.503 

.415 

7.62 

1.731 

1.015 

.663 

.760 

.685 

.627 

.545 

.448 

8 * 62 

1.791 

1.083 

.925 

.816 

.736 

.675 

.586 

• 480 

9.62 

1.849 

1.148 

.985 

.870 

.786 

.720 

.625 

.511 

10.75 

1.912 

1.217 

1.048 

.929 

.839 

.770 

.668 

.545 

12.75 

2.017 

1.332 

1.155 

1.027 

.930 

.854 

.742 

.604 

14.00 

2.079 

1.399 

1.219 

1.086 

.985 

.905 

.786 

.640 

16.00 

2.176 

1.502 

1.315 

1.177 

1.069 

.984 

.856 

.695 

16.00 

2.269 

1.600 

1.408 

1.263 

1.150 

1.060 

,923 

.750 

20.00 

2.360 

1.694 

1.497 

1.347 

1.229 

1.133 

.988 

.803 

24.00 

2.536 

1.872 

1.666 

1.506 

1.379 

1.275 

1.115 

.907 

30.00 

2.792 

2.123 

1.906 

1.734 

1.594 

1.478 

1.297 

1.058 

36.00 

3 . 045 

2.365 

2.136 

1.952 

1.801 

1.674 

1.474 

1.205 

42.00 

3.301 

2.604 

2 . 363 

2.167 

2.004 

1.867 

1.648 

1.350 
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S5HT - 96 


DEFINITION  Q-KP^  ( T6-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  t FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  t FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KSrl2.000  BTU/HR  » SQ . FT  » F/ IN 

thermal  CONDUCTIVITY  OF  insulation 

Kir  IeQ00  BTU/HR  »SQ.FTrF/IN 

DEPTH  Of-  PIPE  DPTHr  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5U 

1.337 

.650 

. 546 

.480 

,435 

.401 

.353 

.298 

4. SO 

1.413 

.740 

.624 

* 549 

.496 

.456 

.401 

.335 

b • 5o 

1.484 

.825 

.700 

.616 

.557 

.512 

.448 

.372 

6.62 

1 .b48 

.903 

.769 

.679 

.613 

. 563 

.492 

.407 

7.62 

1.603 

.970 

.830 

.734 

. 664 

.610 

.532 

.439 

B. 62 

1.65b 

1.032 

.888 

.787 

.712 

.654 

.571 

.469 

9.62 

1.70b 

1.090 

.942 

.837 

.758 

.697 

.608 

.499 

10.7b 

1.758 

1.153 

1.000 

.891 

.808 

.743 

.648 

.532 

12.7b 

1.846 

1.255 

1.097 

.981 

» 892 

.822 

.717 

.587 

14.00 

1.898 

1.315 

1.154 

1 e 034 

.942 

.869 

.759 

.621 

16.00 

1.978 

1.405 

1.240 

1.116 

i .019 

.941 

.823 

.674 

18.00 

2.055 

1.490 

1.322 

1.194 

1.092 

1.010 

.885 

.724 

20. Ou 

2.128 

1.571 

1.400 

1.268 

1.162 

1.077 

.945 

.774 

24.00 

2.269 

1.722 

1 » 546 

1.408 

1.296 

1.203 

1.060 

.870 

30.00 

2.470 

1.932 

1.750 

1.604 

1.483 

1.382 

1.222 

1.007 

36.00 

2.664 

2.129 

1.941 

1.788 

1.660 

1.551 

1.378 

1.139 

42.00 

2.85b 

2.317 

2.124 

1.964 

1.829 

1.714 

1.527 

1.268 

140 


SSHT-  97 


DEFINITION  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HRpFT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 


BTU/HRpFT  OF  PIPE  * F 
TG-  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  » F 


thermal 

conductivity 

OF 

EARTH  KS=lb 

,000 

btu/hr*sq.ft»f/in 

THERMAL 

conductivity 

OF 

INSULATION 

Kir: 

.150 

BTU/HR  » SQ .FT  * F/ IN 

DEPTH  Of- 

PIPE 

DPTH- 

4. OFT 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

insulation 

THICKNESS 

( INCHES) 

0U( INCHES) 

. 000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3. 50 

1.961 

.161 

.120 

.099 

. 086 

.076 

.064 

.052 

4.50 

2.093 

. 196 

.145 

.118 

.101 

.090 

.075 

.059 

5 . 5o 

2.218 

o 231 

.170 

.137 

.117 

.103 

.086 

.067 

6.62 

2.334 

.266 

.195 

.157 

.133 

.117 

.096 

. 074 

7 • 62 

2.436 

.299 

.218 

.175 

. 148 

.129 

.106 

.081 

8.62 

2.533 

.331 

.241 

.192 

. 162 

. 142 

.115 

.088 

9.62 

2.626 

.362 

.263 

.210 

. 177 

.154 

. 125 

.094 

10.75 

2.728 

.397 

.288 

.230 

. 193 

.168 

.136 

.102 

12.75 

2.901 

.458 

.332 

.264 

.222 

. 192 

.154 

.115 

14.00 

3.006 

.496 

.360 

.286 

.239 

.207 

.166 

.123 

lb.  00 

3.170 

. 556 

.403 

*320 

.267 

.231 

. 184 

.136 

16.00 

3.330 

.614 

.446 

.353 

.295 

.255 

.203 

.148 

20.00 

3.490 

.672 

.488 

.387 

.323 

.278 

.221 

. 161 

24.00 

3.806 

.787 

.572 

.454 

.378 

.325 

.257 

. 186 

30.00 

4.290 

.956 

.697 

.553 

.460 

.395 

.311 

.224 

36.00 

4.798 

1.124 

.822 

.651 

.542 

.465 

.366 

.261 

42.00 

5.350 

1.294 

.947 

.751 

.624 

.535 

.420 

• 299 

SSHT=  9 8 


DEF  iNl  T ION  g=KP*(TG“IP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HReFT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  > F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15,0QQ  BTU/HR » SQ . FT  * F/ 1 N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I - ,150  0TU/HR*SQ.FT*F/IN 


DEPTH  Oh  PIPE 


DPTH-  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

ODl INCHES) 

.000 

1.000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.781 

.160 

.120 

.098 

.085 

.076 

.064 

.052 

4.50 

1.689 

.194 

.144 

.117 

. 101 

,089 

.075 

.059 

b.5o 

1.990 

.229 

.168 

.136 

.116 

,103 

.085 

.067 

b • 62 

2.082 

.263 

. 193 

.155 

,132 

.116 

.096 

.074 

7.62 

2.163 

.294 

.215 

.173 

. 147 

.129 

.105 

.081 

6.62 

2.239 

,325 

.238 

.191 

.161 

.141 

.115 

.087 

9.62 

2.312 

.356 

.260 

.208 

.175 

.153 

.124 

.094 

10.75 

2.390 

.389 

.284 

.227 

.191 

e 166 

.135 

.101 

12.75 

2,521 

.448 

.327 

.261 

,219 

.190 

.153 

.114 

14.00 

2.599 

.484 

.353 

.282 

,236 

,205 

,164 

. 122 

16.00 

2.720 

.540 

.395 

.314 

,263 

.228 

. 183 

.135 

16.00 

2.837 

,595 

.436 

.347 

,291 

.251 

.201 

. 147 

20 .00 

2.950 

.649 

.476 

.379 

.317 

.274 

.218 

.160 

24 .00 

3.170 

.755 

.556 

,443 

.370 

.320 

.254 

.184 

50 .00 

3.490 

.909 

.672 

.537 

,449 

.387 

.306 

.221 

36 . 0 0 

3.80b 

1.059 

.78? 

.629 

.526 

.454 

,358 

.257 

42.00 

4.126 

1.207 

.900 

.720 

.603 

.520 

.410 

.293 

142 


SSHT - 99 


DEFINITION  q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR t FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  t F 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS^IS.OOO  BTU/HR » SQ . FT # F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I ~ » 150  BTU/HR #SQ.FT  »F/IN 

DEPTH  OF  PIPE  DPTH=  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES » KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

UDUNCHES) 

.000 

1.000  1 

,500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.672 

.159 

.119 

.098 

.085 

.076 

.064 

.052 

4.50 

1.766 

.192 

• 143 

.117 

.100 

.089 

.074 

.059 

5.5b 

1.855 

,227 

. 167 

.136 

.116 

.102 

.085 

.067 

b * 62 

1.935 

.260 

.191 

.155 

.131 

,116 

.095 

.074 

7.62 

2.004 

.291 

.214 

.172 

. 146 

.128 

.105 

.081 

6.62 

2.069 

.321 

.236 

.189 

. 160 

*140 

.114 

.087 

9.62 

2.131 

.351 

.257 

.206 

. 174 

.152 

.124 

. 094 

10.75 

2.197 

.384 

e 23  1 

.225 

. 190 

.165 

.134 

.101 

12.75 

2.307 

.441 

.323 

.258 

.217 

.189 

.152 

.114 

14.00 

2.373 

.475 

.349 

.279 

.234 

.203 

.163 

. 122 

16.00 

2.473 

.529 

.389 

.311 

.261 

.226 

.181 

.134 

18.00 

2.568 

.562 

.429 

.343 

.287 

.249 

. 199 

. 146 

20.00 

2.660 

.634 

.468 

.374 

.314 

.272 

.217 

.159 

24.00 

2.837 

.735 

.544 

.436 

.365 

.316 

.251 

.183 

30.00 

3.086 

.879 

• 656 

.526 

.441 

.381 

.303 

.219 

56.00 

3.330 

1.019 

.764 

.614 

.516 

.446 

.353 

.255 

42.00 

3.569 

1.154 

.870 

.701 

.589 

.509 

.404 

.290 

143 


SSHT=  100 


DEFINITION  Q=KP*(TG**T P) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

8TU/HR»FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR.FT  OF  PIPE»  F 
T6-  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=:i5.000  BTU/HR  » SQ • FT  »F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KIs  .200  BTU/HR»SQ.FT»F/IN 

DEPTH  Oh  PIPE  DPTH-  4.0FT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPESf  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OUl INCHES) 

.000 

1.000 

1.500 

2.000 

2,500 

3.000 

4,000 

6.000 

3.50 

1.961 

.210 

.158 

.130 

.113 

.101 

.085 

.069 

4.50 

2,093 

,254 

.189 

.155 

.133 

.110 

.099 

.079 

5 * 5b 

2,218 

.299 

.222 

. 180 

.154 

,136 

.113 

.089 

6.62 

2.334 

.343 

,253 

.205 

,175 

.154 

.127 

.098 

7 • 62 

2.436 

.384 

.283 

.228 

. 194 

. 170 

.139 

.107 

8.62 

2.533 

.424 

.312 

.251 

.213 

.186 

.152 

.116 

9.62 

2.626 

.463 

.340 

,274 

.231 

.202 

. 164 

. 125 

10.75 

2.728 

,507 

.372 

.299 

.252 

• 220 

.178 

.135 

12.75 

2.901 

.582 

.428 

,343 

® 289 

.251 

.203 

. 152 

14.00 

3.006 

,629 

,463 

.370 

.312 

.271 

.218 

.162 

16.00 

3.170 

.702 

.517 

.414 

.348 

.302 

.242 

.179 

18.00 

3.330 

.774 

.571 

.45? 

,383 

.332 

.266 

,196 

20.00 

3,490 

.044 

.624 

.499 

.419 

.363 

.289 

.212 

24.00 

3.806 

.984 

.729 

.583 

.409 

,423 

.337 

.245 

30.00 

4.290 

1.189 

.885 

.708 

.594 

.513 

.407 

.294 

36.00 

4.798 

1.394 

1.040 

.833 

,698 

© 603 

.477 

.343 

42.00 

5.350 

1.601 

1.196 

.959 

,803 

.693 

.547 

.392 

144 


SSHT=  101 


DEFINITION  qs:kp*  ( TG-TP ) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TGr  AVERAGE  EARTH  TEMPERATURE*  F 
TP”  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS  = 15.000  BTU/HR * SQ . FT  * F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  .200  BTU/HR*SQ«FT*F/IN 

DEPTH  Ob  PIPE  DPTHr  6. OFT. 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION 

THICKNESS 

( INCHES) 

UD< INCHES) 

.000 

1,000  1 

.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.781 

.207 

® 156 

.129 

.112 

.100 

.085 

.069 

4. 50 

1.889 

.250 

.187 

.153 

.132 

.117 

.098 

.078 

5.56 

1.990 

.294 

.219 

♦ 178 

.153 

,135 

.112 

.088 

6.62 

2.082 

.337 

.250 

.203 

.173 

.153 

.126 

.098 

7.62 

2.163 

.376 

.279 

.225 

.192 

.169 

.138 

.107 

6 • 62 

2.239 

.415 

.307 

.246 

.210 

.184 

.151 

.115 

9.62 

2.312 

.452 

.335 

,270 

.229 

.200 

.163 

. 124 

10.75 

2.390 

.494 

.365 

.294 

.249 

.218 

.177 

.134 

12.75 

2.521 

.565 

.419 

.337 

.285 

.248 

.201 

.150 

14,00 

2.599 

,609 

.452 

« 363 

.30  7 

.267 

.215 

.161 

16. 00 

2.720 

.677 

.503 

.405 

.341 

.297 

.239 

.177 

16.00 

2.837 

.743 

.554 

.446 

.376 

.327 

.262 

.194 

20.00 

2.950 

.808 

.604 

.486 

,410 

.356 

.285 

.210 

24.00 

3.170 

.935 

.702 

• 566 

.477 

.414 

.331 

.242 

30.00 

3.490 

1.118 

.844 

,682 

.575 

.499 

.398 

.289 

36,00 

3.806 

1.295 

.984 

.797 

.672 

.583 

.465 

.337 

42.00 

4.126 

1.470  1 

• 121 

• 910 

.768 

.667 

.531 

.383 

145 


SSHT=  102 


ULFlNITiON  Q=KP* (TG-TP) 

WHERE  G - HEAT  TRANSFER  TO  PIPE 

RTU/HR  t F T OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE  » F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.000  BTU/HR * SQ . FT  * F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI  = .200  BTU/HR*SQ.FT*F/IN 

DEPTH  OF  PIPE  DPTH=  8 • OFT • 

HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OD ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5U 

1.672 

.206 

.156 

.129 

.112 

.100 

.085 

.068 

4.50 

1 . 76o 

.248 

.186 

.152 

.131 

.117 

.098 

.078 

b • 5b 

1.855 

.291 

.217 

.177 

. 152 

.135 

.112 

.088 

6 o 62 

1.935 

.333 

.248 

.201 

.172 

.152 

. 125 

.098 

7*62 

2.004 

.371 

.276 

.224 

.190 

. 168 

.138 

.106 

8.62 

2.069 

.408 

.303 

.246 

.209 

.183 

.150 

.115 

9.62 

2.131 

.445 

.331 

.267 

.227 

. 199 

.162 

. 124 

10.75 

2.197 

.485 

.360 

.291 

.247 

.216 

. 176 

.133 

12  s 7d 

2.307 

.554 

.412 

.333 

.282 

.246 

. 199 

.150 

14.00 

2.373 

.595 

.444 

.359 

.303 

.264 

.214 

.160 

16.00 

2.473 

. 660 

.494 

.399 

.337 

.294 

.237 

.176 

18.00 

2.568 

.724 

.543 

.439 

.371 

.323 

.259 

.192 

20.00 

2.660 

.785 

.591 

.478 

.404 

.351 

.282 

.208 

24.00 

2.837 

.904 

.6e4 

.554 

.468 

.407 

.327 

.240 

60.00 

3.088 

1.073 

.819 

. 665 

.563 

.490 

.392 

.286 

66.00 

3.330 

1.235 

.949 

.774 

.656 

.571 

.457 

.332 

42.00 

3.569 

1.392 

1.075 

.879 

.747 

*650 

.520 

.378 

146 


SSHT-  m3 


L)LF  iNITlON 


Q-KP* ( To-TP) 


rtHERE  0 - 


K P- 


TG  = 
TP- 

TMLkNAL  CONDUCT  I VI  TV  OF 
THERMAL  conductivity  of 


HEAT  TRANSFlR  TO  PIPE 
BTU/HR » FT  OF  PIPE 

pipe  heat  transfer  factor 

BTU/HR » FT  OF  PIPE*  F 

AVERAGE  EARTH  TEMPERATURE*  F 

PIPE  TEMPERATURE  * F 

EARTH  KSrlb.000  b T U/HR  * SO • F T » F / I M 

insulation 


Kir  ,250  BTU/HR * SO .FT  » F/ I N 


uEPIH  Or  PIPE 


DPTHr  4. OFT. 


meat  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 
PIPE  SIZE  INSULATION  THICKNESS  (INCHES) 


UD( INCHES) 

.000 

1.000 

1.500 

2 .000 

2. 50  0 

3.000 

4.000 

6.000 

3 * bO 

1.961 

.256 

. 194 

. 160 

.139 

.125 

.106 

« 0 8b 

4 . 5u 

2.093 

.309 

.232 

o 190 

. 164 

. 146 

. 123 

. 096 

5 • bo 

2.218 

.363 

.271 

.221 

. 190 

. 168 

. 140 

.110 

b . 62 

2.334 

.415 

.309 

.251 

.215 

.190 

.157 

.122 

7 * 02 

2.43o 

.463 

.345 

.279 

.238 

.210 

.172 

.133 

8 • 02 

2.533 

.510 

.379 

.307 

.261 

.229 

. 1 88 

. 144 

9.62 

2.62b 

. 556 

.413 

.334 

.284 

.249 

.20  3 

.155 

10. 7b 

2.728 

.607 

.451 

» 365 

. 309 

.270 

.220 

.167 

12.7b 

2.901 

.695 

.518 

.418 

.353 

.309 

.250 

.186 

14.00 

3.00b 

.749 

.558 

.450 

.381 

.332 

.266 

.201 

lb.  00 

3.170 

.833 

.623 

.502 

.424 

. 369 

.296 

.221 

18.0  0 

3 . 33U 

.916 

.686 

.553 

.467 

.4  06 

.327 

.242 

20.00 

3.49U 

.998 

.748 

.604 

.510 

.443 

. 356 

.262 

24.00 

3.80b 

1.158 

.872 

.704 

.594 

.516 

.413 

.302 

30.00 

4.290 

1.394 

1.054 

.853 

.719 

.625 

.496 

. 363 

3b  • 0 0 

4.79d 

1.629 

1.236 

1.001 

.845 

.733 

.584 

.423 

42.00 

5 • 3b0 

1.867 

1.420 

1.151 

.971 

.842 

.670 

.483 

147 


SSHT  = 104 


DEFINITION  G=KP*(TG»TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  t FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR*FT  OF  PIPE*  F 
TG-  AVERAGE  EARTH  TEMPERATURE r F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS^lb.OOO  BTU/HR  * SQ.FT  » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KX=  .250  BTU/HR#SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH-  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES  * KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0U( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • 5U 

1.781 

.253 

. 192 

. 159 

.138 

. 124 

.105 

.085 

4.50 

1.969 

.304 

.229 

.188 

. 163 

.145 

.122 

.097 

5 • 5b 

1.990 

.356 

. 267 

.219 

. 188 

.167 

.139 

. 109 

6. 62 

2.082 

.406 

.304 

.248 

.213 

.188 

.156 

. 1 2 1 

7 • 62 

2.163 

.452 

.338 

« 275 

.235 

.207 

. 171 

.132 

6.62 

2.239 

.497 

.372 

.302 

.256 

.227 

. 186 

. 143 

9.62 

2.312 

.540 

.405 

.329 

.280 

.246 

.201 

.154 

10.75 

2.390 

.588 

.441 

.358 

.304 

.267 

.218 

. 165 

12.75 

2.521 

.671 

.504 

.409 

.347 

.304 

.247 

.186 

14.00 

2.599 

.721 

.543 

.440 

.373 

. 326 

.265 

. 199 

16.00 

2.720 

.799 

.603 

.489 

.415 

.362 

.293 

.219 

16.00 

2.837 

.874 

» 662 

® 538 

.456 

.398 

.321 

.239 

20.00 

2.950 

.948 

.720 

.585 

.496 

.433 

.349 

.258 

24.00 

3.170 

1.091 

.833 

.679 

.576 

.502 

.404 

.298 

30.00 

3.490 

1.297 

.998 

.815 

.692 

.604 

.485 

.356 

36.00 

3.806 

1.496 

1.158 

.949 

.807 

.704 

.565 

.413 

42.00 

4.126 

1.691 

1.315 

1.081 

.920 

.804 

.645 

.470 
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SSHTr  JOS 


DEFINITION  Q=KP*(TG«TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR r FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE » F 
T6=  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.000  BTU/HR » SO . F T , F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .250  BTU/HR # SO. FT ,F/ IN 

DEPTH  OF  PIPE  DPTH=  fl.OFT. 


HEAT  transfer  factors  OF  underground  PIPES , KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5Q 

1.672 

.250 

.191 

.158 

.138 

.123 

. 1 06 

.065 

4.50 

1.766 

.300 

.227 

87 

. 162 

.144 

.121 

.097 

5.56 

1.855 

.351 

.265 

.217 

.187 

• 166 

. 1 38 

. 109 

6.62 

1.935 

.400 

.301 

.246 

.211 

.187 

.155 

.121 

7 * 62 

2.004 

.445 

.334 

.273 

.233 

.206 

.170 

.132 

8.62 

2.069 

.488 

.367 

.299 

.255 

.225 

. 185 

.142 

9.62 

2.131 

,530 

.399 

.325 

.277 

.24  3 

.19P 

.153 

10.75 

2.197 

.576 

.434 

.353 

* 3 0 k 

.264 

.216 

• 1 64 

12.75 

2.307 

.654 

.495 

.403 

.343 

.300 

.244 

,185 

14.00 

2.373 

.702 

.532 

.433 

.368 

.323 

.262 

. 197 

16.00 

2.473 

.776 

.590 

.481 

.409 

,>356 

.290 

.217 

16.00 

2.568 

.847 

.646 

.527 

.448 

.392 

.317 

.237 

20.00 

2.660 

.916 

.701 

.573 

.487 

.426 

.344 

» 256 

24.00 

2.837 

1.049 

• 808 

* 662 

.564 

.495 

.398 

. 294 

30.00 

3.083 

1.237 

• 962 

.791 

.675 

.591 

.476 

. ibl 

36.00 

3.330 

1.416 

1.109 

.916 

.783 

.686 

• 653 

.406 

42.00 

3.569 

1.589 

1.253 

1.038 

.889 

.760 

.629 

-461 
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SSHT - 106 


DEFINITION  Q=KP*(TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR. FT  OF  pipe 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE.  F 
TG"  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.000  BTU/HR » SQ . FT r F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .300  BTU/HR#SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH=  4. OFT. 


HEAT  transfer  factors  OF  UNDERGROUND  PIPES.  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5U 

1.961 

.300 

.229 

. 190 

.165 

.148 

.126 

.102 

4 • 5U 

2.093 

.361 

.273 

o 225 

. 195 

.173 

. 146 

. 117 

5 • 56 

2.218 

.423 

.318 

*261 

.225 

.199 

.166 

9 131 

b • 62 

2.334 

.482 

.362 

.296 

.254 

.225 

.186 

.145 

7 « 62 

2.436 

.537 

.403 

.329 

.281 

.248 

.205 

. 159 

8.62 

2.633 

.590 

.443 

.361 

.308 

.271 

.223 

.171 

9.62 

2.626 

,642 

.482 

.392 

.334 

.294 

.241 

. 184 

10.7b 

2.728 

.699 

.526 

.427 

. 364 

.319 

.261 

. 198 

12.7b 

2.901 

,798 

.601 

.489 

.415 

.364 

.296 

.223 

14,00 

3.006 

.858 

.648 

.526 

.447 

.391 

.317 

.238 

16.00 

3.170 

.952 

.721 

.586 

.497 

.435 

.352 

.263 

18.00 

3.330 

1,045 

• 793 

.644 

.547 

.478 

.386 

.287 

20.00 

3.490 

1.135 

,864 

.703 

.596 

.520 

.419 

.311 

24.00 

3.806 

1,313 

1.003 

.817 

,693 

.605 

.486 

.358 

30.00 

4.290 

1.574 

1.209 

.987 

.838 

.730 

.586 

.429 

36 .00 

4.798 

1.834 

1.415 

1.157 

.982 

.856 

.686 

.500 

42.00 

5.350 

2.099 

1.623 

1.328 

1.128 

.983 

.786 

.571 
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5SHT=  If- 7 


. t>  INI  I ION  OZKI  ♦ ( To- TP  ) 

rtHLRL  w - HLA1  TRANSFrU  Tu  PIPE 

V 

[<TU/FIK»FT  OF  PIP! 

Kpr  RIPL  HP  AT  TRANSFER  F AC  TPR 
BTU/HR  t FT  OF  PUT*  F 
TO-  AVERAGE  EAHTm  TC mPL  R AT URF  * f 
TP-  PI  PL  TEMPERATURE  * F 

i Mt,<  AL  CONDUCTIVITY  of  tAKTU  KS=ls.nOO  6TU/H'- -SO.rT»r/pj 

THW,<  = AL  CONuUCTl  vity  of  insulation 

KI=  .300  hTU/HF »SG.rT,r/ IT 
,lPEh  Ot  Pi  Pc  DpTHr  . OF  ] . 


meat  TRANSFER  FACTORS  OF  UNDER  Or  O'  )Ul.'  PIPES*  -p 


slZc.  INSULATION  THICKNESS  (INCHES) 


: i li'iUtltS) 

. oou 

1.000 

1.500 

2.000 

2.5O0 

5.000 

4.000 

6. 0(H 

3 • b u 

1.781 

.296 

.226 

. 168 

. 1 64 

.147 

. 1 24 

. 1 0 i 

h . bu 

1 . 889 

.354 

.269 

.222! 

. 1 93 

.172 

.148 

• Ur 

b • bu 

1.990 

.413 

.313 

.258 

.222 

. JQ7 

. 168 

g 1 V 

u • o2 

2 . USE 

» 4 7 U 

. 356 

.292 

.251 

.222 

. 184 

. ] 14 

/ • vd. 

2.161 

• 522 

. 395 

.323 

.2  77 

.245 

.203 

. 1 

d • Oc 

2.239 

. b72 

.433 

. 354 

. 30  3 

. 2 67 

.220 

.17. 

0 • od 

2.312 

.621 

.471 

.385 

.329 

.289 

.238 

. 1 8 2 

i t ' *7  j 

2.390 

.674 

.512 

.4  18 

.357 

.314 

.257 

. 1 °r. 

lc.7;j 

2 . b2 1 

. 766 

• 583 

.476 

.406 

.357 

.291 

.221 

l 4 . (J  U 

2 . b99 

.821 

* 62  7 

.512 

.437 

. 383 

.312 

• 2 3 n 

io*Uu 

2.720 

.907 

• o95 

.568 

.485 

.425 

. 34  5 

. ->  8 f * 

i b • o u 

2.637 

.990 

.761 

.623 

. 531 

• 4 66 

.3  78 

. :N 

C 0 . 1)  u 

2.95U 

1.071 

.826 

.677 

.578 

.506 

.410 

. VL, 

<:  • U J 

3.170 

1.227 

.952 

.783 

.669 

. 586 

.47a 

. u. 

) 'J.UU 

3.49u 

1.451 

1.135 

.937 

.80  1 

.703 

. 568 

. '4  1 •= 

ju.Ud 

3.8Gb 

1.667 

1.313 

1.087 

.932 

.817 

.661 

. 4 8,. 

a 2 . J'J 

4 . 126 

1.679 

1.467 

1.236 

1.060 

.931 

.753 

1 * ’ 
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SSHT=  108 


DEFINITION  Q=KP*(TG»TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR # FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR#FT  OF  PIPE  # F 
TG=  AVERAGE  EARTH  TEMPERATURE#  F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  K5=i5.000  BTU/HR # SQ . FT # F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KIs  .300  BTU/HR#SG.FT»F/IN 

DEPTH  OF  PIPE  OPTH-  8. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

{ INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5U 

1.672 

.293 

.224 

.187 

.163 

. 146 

.125 

.101 

4.50 

1.766 

.350 

.266 

.221 

. 191 

.171 

.144 

.115 

5 . 5b 

1.855 

.407 

.310 

.255 

.220 

.196 

.164 

.130 

6 . 62 

1.93b 

.462 

.351 

.289 

.248 

.220 

.183 

. 1 4 4 

7.62 

2.004 

.512 

.389 

.319 

.274 

.243 

.201 

.156 

8.62 

2.069 

.560 

.426 

.350 

.300 

,265 

.218 

. 169 

9.62 

2.131 

.607 

.463 

.379 

.325 

.286 

.236 

. 181 

10.75 

2.197 

.658 

.502 

.412 

.352 

.310 

.255 

. 195 

12.75 

2.307 

.745 

.571 

.468 

,400 

.352 

.288 

.219 

14.00 

2.373 

.797 

.612 

.503 

.430 

.378 

.309 

.233 

16.00 

2.473 

.878 

.677 

.557 

,476 

.418 

.341 

.257 

18.00 

2.568 

.955 

.740 

.609 

.521 

.458 

.373 

.280 

20.00 

2.660 

1.030 

.801 

• 66l 

« 566 

.497 

.404 

. 302 

24.00 

2.837 

1.174 

.920 

.761 

.652 

.573 

.466 

. 347 

30.00 

3.088 

1.377 

1.089 

.905 

.778 

.684 

.556 

.413 

36.00 

3.330 

1.569 

1.251 

1.045 

.900 

.793 

.644 

.478 

42.00 

3.569 

1.753 

1.408 

1.180 

1.019 

.899 

.731 

.541 
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SSHT  = 109 


UtF INI T ION  Q=KP* ( TG“TP) 

AHLRE  Q - HEAT  TRANSFER  TO  PIPE 
BTU/HR  t FT  OF  PIPF 

kp=  pipe  heat  transfer  factor 

BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPE  R ATURE  * F 

TP=  PIPE  TEMPERATURE  » F 

1 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.000  BTU/HR » SO . FT » F/ IN 
THERMAL  conductivity  OF  insulation  ' 

Kl=  .350  bTU/HR  * SO . PT  » P / I N 


DLP l h Oh  PIPE 


DPTHr  4. OPT. 


heat  transfer  factors  of  underground  PIPES*  kp 


PIPE  SIZE 

insulation  thickness 

( INCHES) 

UlM  INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3. SO 

1.961 

.343 

.263 

.219 

. 191 

.171 

.146 

. 116 

4 . SO 

2.093 

.410 

.312 

.259 

.224 

.200 

. 16n 

. 1 35 

S . So 

2.216 

.479 

.364 

.300 

.259 

.230 

.192 

♦ 152 

6 « 62 

2.334 

• S45 

.413 

.339 

.292 

.259 

.2  IP 

. 1 68 

7 • o2 

2.436 

.605 

.459 

.376 

.323 

.285 

.236 

. 184 

6.o  2 

2.S33 

.664 

.504 

.412 

.353 

.312 

.257 

. 196 

9 • b2 

2 • 62b 

.721 

.547 

.448 

. 383 

.338 

.277 

.213 

10. 7d 

2.726 

.784 

.596 

.487 

.416 

.366 

.300 

.226 

12. 7S 

2.901 

.892 

.680 

.556 

.475 

.417 

.340 

.256 

14.00 

3.U0b 

.958 

.731 

.598 

.510 

.448 

. 365 

. 275 

16.00 

3.170 

1.060 

.812 

. 665 

.567 

.497 

.404 

. 30  3 

16.00 

3.330 

1 . 161 

.892 

.730 

.623 

.546 

.443 

.37  1 

£-U  . 0 0 

3.490 

1.259 

.970 

.795 

.678 

.594 

.481 

. 359 

<i4  . Ou 

3 . 806 

1.452 

1.124 

.923 

.787 

.689 

.557 

.413 

50*00 

4.290 

1.734 

1.351 

1.112 

.949 

.831 

.671 

.4  94 

5b  • 0 u 

4.796 

2.016 

1.577 

1.301 

1.111 

.973 

.784 

.57d 

42.00 

S.3S0 

2.303 

1.807 

1.492 

1.275 

1.116 

.898 

.657 
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SSHT-  i 10 


definition  q=kp*ctg-*tp) 

vt/HERE  0 - HEAT  TRANSFER  TO  PIPE 

BTU/HRpFT  of  pipe 
KPs  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP”  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15  ® 000  btu/hr»sq.ft»f/in 
THERMAL  CONDUCTIVITY  OF  INSULATION 


KI  = 

.350 

BTU/HR » SQ.FT 

*F/IN 

DEPTH 

OF  PIPE 

DPTHs 

6. OFT. 

HEAT  TRANSFER  FACTORS  OF 

underground 

PIPES » 

KP 

cm  aa>  car  c m*  « 

PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2,500 

3.000 

4.000 

6.000 

3*50 

1.781 

.337 

.259 

.216 

.189 

.170 

.145 

.118 

4,50 

1.689 

,402 

.308 

.255 

.222 

.198 

.167 

.134 

5 , 56 

1.990 

.467 

,357 

.295 

,255 

.227 

.190 

- 151 

6.62 

2,062 

.530 

.405 

.334 

.288 

.255 

,213 

, 167 

7 « 62 

2.163 

.587 

,448 

.369 

.316 

.281 

.233 

. 102 

8 e 62 

2.239 

.642 

.491 

.404 

,347 

.3-07 

,254 

« 196 

9.62 

2.312 

.695 

,532 

.438 

,376 

.332 

,274 

.211 

10.75 

2.390 

.753 

.578 

.475 

.408 

.359 

.296 

.227 

12.75 

2.521 

.852 

.657 

® 540 

» 463 

.408 

.334 

.254 

14.00 

2,599 

.912 

® 705 

.580 

.497 

• 4 38 

.358 

.272 

16.00 

2,720 

1.005 

,779 

» 642 

,550 

.484 

.396 

.299 

18.00 

2.837 

1.094 

.852 

.703 

.603 

,530 

.433 

.325 

20,00 

2.950 

1,181 

.923 

,763 

.655 

.576 

.469 

.352 

24.00 

3.170 

1,348 

1 ® 060 

.680 

,756 

.665 

.541 

• 404 

30.00 

3.490 

1.586 

1.259 

1.049 

.903 

.795 

,647 

.481 

36.00 

3.806 

1.816 

1,452 

1.214 

1,047 

.923 

,751 

.557 

42,00 

4,126 

2,041 

1,840 

1,376 

1,189 

1.049 

.854 

.633 
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SSHTr  1 1 I 


L'tf-  iNlTiON 
WHERE 


Q-KP* ( T G“TP ) 

o = heat  transfer  to  pipe 

BTU/HR  * FT  OF  PIPE 

kp-  pipe  heat  transfer  factor 

BTU/HR. FT  OF  PIPE.  F 
T G-  AVERAGE  EARTH  TEMPERATURE.  F 

F 


TP= 

PIPE  TEMPER* 

TURE  » 

THEk^AL 

conductivity 

OF 

EARTH  KS=15 

.000 

t hlio'AL 

conductivity 

OF 

insulation 

KI  = 

.350 

DEPTH  OK 

PIPE 

dpth= 

8. OFT 

MEAT  transfer  FACTORS  of  underground  pipes.  kp 


PIPE  SIZt 

INSULATION  THICKNESS 

( INCHES) 

0D( INCHES) 

.000 

i.ooo 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.5U 

1 .b72 

.333 

.257 

.215 

. 188 

.169 

. 144 

.117 

4 • bu 

1 • 766 

.396 

.304 

.253 

.220 

.197 

. 166 

. 134 

b . bb 

1 .bbb 

.460 

.352 

.292 

.253 

.225 

. 186 

. 150 

b * 62 

1.935 

.520 

.399 

.330 

.285 

.253 

.211 

. 1 66 

7 »beL 

2.004 

.575 

.441 

« 364 

.314 

.273 

.231 

. 181 

a.b^ 

2 » 069 

.627 

.482 

. 398 

.342 

.303 

.251 

. 165 

9*62 

2.131 

.678 

.52? 

.431 

.371 

.328 

.271 

• 209 

1 0 » 7b 

2.197 

.733 

« 5b6 

.467 

.402 

.355 

.292 

.225 

12.73 

2.307 

.826 

» 64 1 

.530 

.455 

.402 

.330 

. 252 

14.0  0 

2.373 

.883 

.687 

» 568 

.468 

.431 

. 353 

.269 

lb. 00 

2.473 

.969 

.757 

.626 

.540 

.476 

.390 

.265 

18.00 

2 . 566 

1.052 

.826 

* 686 

.590 

.520 

.426 

. 321 

20.00 

2 • bbU 

1.132 

.862 

.742 

.639 

.564 

.461 

. 34  7 

24.00 

2.837 

1.284 

1.020 

.852 

.735 

.649 

.530 

. 398 

bO  .00 

3.08b 

1.498 

1.202 

i .009 

.873 

.772 

.632 

.473 

bb.Qu 

3.330 

1.700 

1.376 

1 * 1 6 1 

1.007 

.692 

.730 

.546 

42 . 0 u 

3.569 

1.894 

1.544 

1.308 

1.137 

1.009 

.827 

.618 
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SSHT=  112 


DEFINITION  G=KP*(T6-IPi 

WHERE  G = HEAT  TRANSFER  TO  PIPE 

BTU/HR,FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
6TU/HR  » FT  OF  PIPE » F 
TO-  AVERAGE  EARTH  TEMPERATURE  * F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KSrIS.OOG  BTU/HR* SQ.FT »F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .400  BTU/HR»SQ.FT»F/IN 

DEPTH  OF  PIPE  DPTH"  4. OFT. 


HEAT  transfer  factors  OF  UNDERGROUND  PIPES.  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

I INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.961 

.383 

.295 

.247 

.216 

,194 

. 166 

.135 

4.50 

2.093 

.457 

.351 

.291 

• 253 

.226 

. 191 

.153 

5 . 5b 

2.218 

.532 

.407 

.337 

.292 

• 260 

.218 

.173 

b.  62 

2.334 

• 604 

.462 

.381 

.329 

.292 

.243 

.191 

7.62 

2.436 

.670 

.512 

.42  2 

.363 

.322 

.267 

.208 

6 . 62 

2.533 

.733 

.561 

.462 

.397 

.351 

.290 

.225 

9.62 

2.626 

.795 

.609 

.501 

.430 

.330 

.313 

• 241 

10.75 

2.728 

.863 

.66  2 

.545 

.467 

• 412 

.339 

.260 

12.75 

2.901 

.979 

.754 

.620 

.531 

.468 

.384 

.292 

14.00 

3.006 

1.049 

• 810 

.667 

.571 

.503 

• 411 

.312 

16.00 

3.170 

1.159 

.898 

.740 

.633 

.557 

.455 

.343 

18.00 

3.330 

1.266 

.984 

.612 

.695 

• 611 

.498 

.374 

20.00 

3.490 

1.371 

1.069 

• 862 

.756 

.665 

.541 

.405 

24,00 

3.806 

1.576 

1.235 

1.022 

.876 

.770 

.626 

• 466 

30.00 

4.290 

1.878 

1.481 

1.229 

1.055 

.927 

.752 

.558 

36.00 

4.798 

2.178 

1.726 

1.435 

1.233 

1.083 

.878 

.649 

42.00 

5.350 

2.485 

1.974 

1.644 

1.413 

1.242 

1.006 

.741 
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DEFINITION  Q=KP4(TG-TP) 

where  o = heat  transfer  to  pipe 

BTU/HR t F T OF  PIPE 
KP“  PIPE  heat  TRANSFER  FACTOR 
BTU/HR  t F T OF  PIPE*  F 
T6=  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONuUCTlVUY  OF  EARTH  KS=lb.0U0  BTU/HR » SQ . FT » F/ IN 

thermal  conductivity  of  insulation 

Kir  .400  BTU/HR » SO .FT  » F / X N 
DEPTH  OF  PIPE  DPT Hr  6. OFT. 


HEAT  TRANSFER  factors  of  underground  pipes*  kp 


RIPE  SIZl 

INSULATION  THICKNESS 

( INCHES) 

bDl INCHES) 

. 000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3. 5U 

1.781 

.376 

.291 

.244 

.213 

.192 

. 164 

.134 

4.5u 

1.889 

.447 

.344 

.287 

.250 

.224 

. 180 

.152 

5 • 5o 

1.990 

.518 

.399 

.331 

.287 

.256 

.215 

. 171 

t>  • 62 

2.082 

.586 

.451 

.374 

.323 

.288 

.240 

.189 

7 » bd 

2. 165 

.647 

.499 

.413 

. 356 

.316 

.26^ 

.206 

8 . <_>2 

2.259 

.706 

.545 

.451 

. 389 

.345 

.286 

.222 

9 .62 

2.512 

.763 

.591 

.488 

.421 

.373 

.308 

.238 

10.7b 

2.590 

.826 

.640 

.530 

.456 

.403 

.333 

.256 

12. 7 b 

2.821 

.931 

.725 

.601 

,517 

.457 

.376 

.287 

14.00 

2.599 

.995 

.777 

.644 

.554 

.490 

.402 

. 30  7 

lb  • 0 0 

2.720 

1.093 

.858 

.712 

.613 

.541 

.444 

. 337 

18.00 

2.837 

1.188 

.936 

.778 

.671 

.592 

.485 

.367 

do  .00 

2.950 

1.279 

1.012 

.843 

.727 

.642 

.526 

.396 

24. 00 

3.170 

1.455 

1.159 

.969 

.837 

.740 

.605 

.455 

50.00 

3.490 

1.706 

1.371 

1.152 

.998 

.882 

.722 

.541 

5b.  00 

3.80b 

1.946 

1.576 

1.330 

1 .154 

1.022 

.837 

*626 

42.00 

4.126 

2.182 

1.778 

1.505 

1.308 

1 . 160 

.951 

.710 
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definition  Q=KP*(TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR»FT  OF  PIPE 
K P=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR o FT  OF  PI PE*  F 
16=  AVERAGE  EARTH  TEMPERATURE » F 
TPs  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15,000  BTU/HR » SQ • FT » F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I = a 400  BTU/HR  ^SQ.FToF/IN 

DEPTH  OF  PIPE  DPTHs  8. OFT, 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES » KP 


PIPE  SIZE 

INSULATION  THICKNESS 

( INCHES) 

OtH  INCHES) 

.000 

1,000 

1,500 

2.000 

2.500 

3.000 

4.000 

6.000 

3,50 

1,672 

e 371 

.288 

.242 

.212 

.191 

.163 

.133 

4, SO 

1,766 

.440 

.340 

*284 

.248 

.222 

.188 

. 151 

b • 56 

1.855 

.509 

,393 

*327 

.284 

.254 

.214 

.170 

6.62 

1.935 

,574 

.444 

.369 

.319 

.285 

.238 

. 188 

7,62 

2.004 

.632 

.490 

,40? 

.352 

.313 

.261 

.204 

0 o 62 

2.069 

.689 

.535 

.444 

.383 

.340 

.283 

.221 

9.62 

2.131 

,743 

* 578 

.400 

.414 

,368 

.305 

.236 

10,75 

2,197 

,001 

.625 

,519 

.446 

.397 

.329 

.254 

12.75 

2 o 307 

,900 

.707 

,580 

.507 

.449 

,371 

.284 

14,00 

2.373 

.960 

.755 

.629 

,543 

.481 

.397 

.303 

16.00 

2,473 

1.051 

.031 

.694 

.600 

,531 

.437 

.333 

18.00 

2.568 

1,138 

,904 

,757 

® 654 

,579 

.477 

.362 

20.00 

2.660 

1.221 

.975 

* ©18 

.708 

.627 

,516 

.391 

24.00 

2,837 

1.380 

1.111 

.936 

®812 

e 720 

,592 

.447 

30.00 

3.068 

1,603 

1,304 

1,105 

.962 

.854 

.703 

.530 

36.00 

3.330 

1.814 

1.486 

1.266 

1,106 

.984 

o812 

.611 

42.00 

3.569 

2.015 

1.665 

1.423 

1,246 

1.111 

.918 

.691 
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[ILFINIIION  Q=KP*  ( TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KPz  riPE  heat  transfer  factor 

BTU/HR, FT  OF  PIPF»  F 
T G-  AVERAGE  EARTH  TEMPERATURE,  F 
TP=  PIPE  TEMPERATURE  # F 

THERMAL  COImuUCtIVITY  OF  EARTH  KSzlS.nQO  BTU/HR # SO . FT , F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

Kir  ,6S0  DTU/HR»SQ.FT»F/IN 

DEPTH  OF  PIPE  DPT Hr  4. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES#  KP 


PIPE  SI Zt_ 

INSULATION  THICKNESS 

( INCHES) 

ODl INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 • 50 

1.901 

• SG2 

.444 

.377 

. 335 

.302 

.260 

.213 

4 . bO 

2.095 

. 062 

.523 

.441 

. 388 

.350 

.299 

.242 

S.bo 

2.218 

.761 

.601 

.507 

.444 

.399 

.338 

.272 

b * 62 

2.554 

• 8S5 

.676 

.569 

.498 

.446 

.377 

. 30  0 

7 . t>2 

2.45o 

.939 

.745 

.627 

.547 

.490 

.412 

. 326 

8.02 

2.S33 

1.019 

.811 

.682 

.595 

.532 

.447 

.352 

9 c be 

2 • b2b 

1.097 

.875 

.737 

.643 

.574 

.481 

.377 

1U.7S 

2.728 

1.182 

.945 

.797 

.695 

.620 

.518 

.404 

12. 7d 

2.901 

1.326 

1 .006 

.90  0 

.785 

.700 

.584 

.453 

1 4 . 0 0 

3.00b 

1.413 

1.139 

.963 

.84  0 

.749 

.624 

.483 

ib . 0 0 

3.170 

1.547 

1.253 

1.061 

.927 

.827 

.688 

.530 

18.00 

3.330 

1.677 

1.364 

1.158 

1.012 

.903 

.750 

.577 

20.00 

3.490 

1.804 

1.473 

1.252 

1.095 

.977 

.81? 

.623 

24.00 

3.800 

2.052 

1.686 

1.438 

1.260 

1.125 

.935 

.714 

50.00 

4.290 

2.415 

1.999 

1.712 

1.503 

1.344 

1.117 

.851 

50.00 

4.798 

2.779 

2.312 

1.987 

1.747 

1.563 

1.299 

.987 

42 .00 

5.350 

3.155 

2.633 

2.267 

1.995 

1.786 

1.484 

1 . 126 
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DEFINITION  Q=KP* ( TG-TP) 

WHERE  Q ~ HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP"  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KSrlb.noO  BTU/HR  * SQ • FT  » F/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .650  BTU/HR »SQ.FT , F /IN 


DEPTH  Oh  PIPE 


DPT  Ms  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES » KP 


PIPE  SI2c 

INSULATION  THICKNESS 

( INCHES) 

UD( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3. SO 

1.781 

.546 

.434 

.370 

,327 

.297 

,256 

.211 

4.50 

1.889 

.640 

.509 

.4  32 

. 380 

.344 

.294 

.239 

b . 56 

1 .99U 

.732 

.583 

.494 

.434 

. 391 

.333 

.268 

6 . 62 

2.062 

.819 

.654 

.553 

.485 

,436 

.370 

.295 

7 . 62 

2.163 

.895 

.717 

.607 

.532 

.478 

.403 

.321 

6.62 

2.239 

.968 

.778 

.659 

,577 

.518 

.437 

.34  5 

y .62 

2.312 

1.038 

.837 

.710 

.622 

.557 

.469 

. 369 

10.75 

2. 390 

1.114 

.901 

.765 

.670 

*601 

.505 

.396 

12. 7a 

2.521 

1.240 

1.010 

.859 

,754 

.675 

.567 

.44? 

14  . QU 

2.599 

1.316 

1.075 

.917 

*805 

.721 

.604 

.471 

16.00 

2.72U 

1.431 

1.176 

1 .005 

.884 

.792 

.664 

.516 

16.00 

2.Q37 

1 * b42 

1.273 

1.091 

.960 

.861 

.72? 

.559 

20.00 

2.950 

1 .646 

1.367 

1.175 

1.035 

.929 

.779 

.603 

24  ® U 0 

3.170 

1.851 

1*547 

1 ® 336 

1.181 

1.061 

.890 

.688 

30.00 

3.490 

2.138 

1.804 

1.567 

1.390 

1.252 

1*052 

.812 

36. 00 

3.806 

2.413 

2.052 

1.791 

1.593 

1,438 

1.211 

.935 

42.00 

4.126 

2.682 

2.294 

2.010 

1 . 793 

1,621 

1 . 368 

1 . 056 
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SSHT  = 117 

Q=KP* ( TG-TP) 

Q - HEAT  TRANSFER  TO  PIPE 
DTU/HR  » FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR * F T OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.000  bTU/HR»SO.FT»F/IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

KI=  .650  BTU/HR  » SQ  • FT  » F / IN 


DEPTH  OR  PIPE 


DPTH= 


A. OFT. 


nE AT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SUE 

INSULATION  THICKNESS 

( INCHES) 

UD ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.s0 

1 .072 

.535 

.428 

. 365 

.323 

.294 

.254 

.209 

4.50 

1 . 76b 

.625 

.500 

.425 

.375 

.339 

.291 

.237 

5 . So 

1.855 

.713 

.571 

.485 

.427 

.385 

.329 

.265 

6.o«i 

1.935 

.795 

.638 

.542 

.477 

.429 

.365 

.292 

7 . o2 

2.004 

.867 

• b99 

.594 

.522 

.469 

.398 

.317 

8 . 

2.069 

.935 

.756 

.643 

.565 

.508 

.4  30 

. 341 

9.62 

2.131 

1.000 

.812 

.692 

.608 

.546 

.461 

. 364 

1 7_> 

2.197 

1.070 

.872 

. 744 

.654 

.588 

.495 

.390 

J .75 

2.307 

1.186 

.973 

.833 

.734 

.659 

.555 

.435 

1 .00 

2.373 

1.255 

1.034 

.087 

.781 

.702 

.591 

.463 

1 .00 

2.473 

1.360 

1.127 

.969 

.056 

.770 

.648 

.506 

1 .00 

2.568 

1.459 

1.216 

1.049 

.927 

.835 

.703 

. 540 

- .00 

2.660 

1.553 

1.301 

1 .126 

.997 

.398 

.757 

.589 

4.  r . 0 0 

2.837 

1.732 

1.463 

1.273 

1 .131 

1.021 

.861 

.670 

•jo  • 00 

3.088 

1.980 

1.690 

1.481 

1.321 

1.196 

1.012 

.788 

.00 

3.330 

2.212 

1.905 

1.677 

1.503 

1.364 

1.158 

.903 

- .00 

3.569 

2.434 

2.110 

1.867 

1.678 

1.527 

1.299 

1.015 
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DEFINITION  Q-KP* ( T G-T  P ) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

htu/hr,ft  of  pipf 

KP-  PIPE  HEAT  TRANSFER  FACTOR 
HTU/HR.FT  OF  PIPE#  F 
T6=  AVERAGE  EARTH  TEMPERATURE  t F 
TP=  PlPt  TFMPERATURE  » F 

THERMAL  CONUUCTIVITY  OF  EARTH  KS=lb.OOO  BTU/HR # SO . FT » f/ I N 

THERMAL  CONDUCTIVITY  OF  INSULATION 

K I - 1.000  BTU/HR  * SO  * FT  » F/ I N 

DEPTH  OF  PIPE  DPTH-  4.0FT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUNu  PIPES » KP 


PIPE  SlEr.  INSULATION  THICKNESS  (INCHES) 


jlJ  ( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3 . bu 

1.961 

.760 

.620 

.535 

.478 

.437 

.380 

.316 

4 . bu 

2.093 

.882 

.720 

.621 

.553 

.503 

.435 

. 358 

b . bo 

2.216 

1.002 

.820 

.706 

.628 

.570 

.490 

.400 

b e O? 

2.334 

1.113 

.914 

.787 

.699 

.634 

. 544 

.441 

7 * D? 

2.43b 

1.211 

.998 

.861 

.764 

.69? 

.592 

.477 

8.62 

2 . b33 

1.305 

1.079 

.931 

.827 

.749 

.639 

• 513 

9.62 

2 • 62o 

1.394 

1.157 

1.000 

.888 

.804 

.686 

.549 

iu . 7b 

2.726 

1.491 

1.242 

1.075 

.955 

. 865 

.737 

.588 

12. 7b 

2.901 

1.655 

1.387 

1.204 

1.071 

.969 

.825 

. 656 

1 4 • 0 U 

3.00b 

1.753 

1.474 

1.282 

1.141 

1 » 0 3 3 

.870 

.697 

16. OU 

3.170 

1.904 

1.609 

1.403 

1.251 

1.133 

.964 

.763 

16  s 00 

3.330 

2.050 

1.740 

1.521 

1.358 

1.231 

1 . 048 

.827 

2 0 . 0 u 

3.490 

2.192 

1.868 

1.637 

1.463 

1.328 

1 .130 

.891 

24 , 0,J 

3.80b 

2.469 

2.118 

1.863 

1.669 

1.517 

1 .292 

1.018 

30.00 

4.290 

2.676 

2.486 

2.197 

1.974 

1.797 

1.533 

1.205 

3b » 0 0 

4.798 

3.287 

2.855 

2.532 

2.279 

2.078 

1.774 

1.394 

42.00 

5.350 

3.715 

3.238 

2.877 

2.593 

2.366 

2.022 

1.587 

f 


162 


SSHT=  119 


DEFINITION  Q=KP*(TG“TP) 

INHERE  Q ~ HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
KP-  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR, FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE,  F 
TP=  PIPE  TEMPERATURE  , F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.000  BTU/HR » SO .FT , F/ IN 

THERMAL  CONDUCTIVITY  OF  INSULATION 

ki=  1.000  btu/hr»sq.ft,f/:n 

DEPTH  OF  PIPE  DPTH=  6. OFT. 


HEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES*  KP 


PIPE  SIZE 

INSULATION  THICKNESS 

(INCHES) 

0D( INCHES) 

.000 

1.000 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

3.50 

1.781 

.731 

• 601 

.521 

.467 

.427 

.373 

.311 

4.50 

1.889 

.844 

.694 

.601 

.537 

.490 

.425 

. 351 

5.56 

1.990 

.952 

.787 

.681 

.608 

.554 

.478 

.392 

6.62 

2.082 

1.052 

.873 

.756 

.675 

• 6 1 4 

.529 

.431 

7.62 

2.163 

1.140 

.949 

.824 

.735 

* 668 

.574 

. 466 

8*62 

2.239 

1.222 

1.022 

.888 

.793 

.721 

.619 

.500 

9 • 62 

2.312 

1.300 

1.092 

.951 

.849 

.772 

.662 

.533 

10*75 

2.390 

1.384 

1.167 

1.018 

.910 

.827 

.709 

,570 

12.75 

2.521 

1.524 

1.293 

1.133 

1.014 

.923 

.791 

• 6 34 

14.00 

2.599 

1.606 

1.369 

1.201 

1.077 

.980 

,840 

.67  2 

16.00 

2.720 

1.732 

1.484 

1.307 

1.174 

1.070 

.918 

.733 

16.00 

2.837 

1.851 

1.595 

1.409 

1.267 

1.156 

.993 

.792 

2 0 o 0 0 

2.950 

1.966 

1.701 

1.507 

1.358 

1.240 

1.066 

.850 

24 . 00 

3.170 

2.183 

1.904 

1.695 

1.533 

1.403 

1.208 

.964 

30.00 

3.490 

2.491 

2.192 

1.964 

1.783 

1.637 

1.414 

1 .130 

56.00 

3.806 

2.787 

2.469 

2.222 

2.025 

1.863 

1.615 

1.292 

42.00 

4.126 

3.077 

2.741 

2.476 

2.262 

2.086 

1.812 

1 .453 
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DEFINITION  Q-KP*CTG-TP) 

wHFRE  Q = HEAT  TRANSFER  TO  PIPE 

bTll/HR o FT  OF  PIPE 
KPs  PIPE  HEAT  TRANSFER  FACTOR 

btu/hr » ft  of  pipe?  f 

T6=  AVERAGE  EARTH  TEMPERATURE  * F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=lb.000  BTU/HR # SG .FT » F/IN 

THERMAL  CONDUCTIVITY  OF  insulation 

KI=  1.000  RTlJ/HR  ? SO  .FT  e E / IN 

DEPTH  OF  PTPE  UPTH-  8. OFT. 


mEAT  TRANSFER  FACTORS  OF  UNDERGROUND  PIPES » KP 


PIPE  SI2l. 

insulation  thickness 

( INCHES) 

u T INCHES J 

.00,, 

l.uOO 

1.500 

2.000 

2.500 

3.000 

4.000 

6.000 

J)  * KJ 

1 .o72 

. 712 

.588 

,511 

.459 

.421 

.368 

.308 

N • b>J 

1 • 7 6 o 

.819 

.677 

.588 

.527 

.482 

.419 

.347 

• Ido 

1.85b 

.920 

.76o 

» 665 

.595 

.543 

.470 

. 386 

6 • t>  2 

1.95b 

1.013 

. 846 

.736 

.658 

.60  0 

.519 

.424 

1 * ud 

2.004 

1 . U94 

.917 

.800 

.715 

.652 

.563 

,458 

E » a 2 

2 , 0 b N 

1.170 

.985 

.860 

.770 

.70? 

• b 0 5 

.491 

y v t ) /r 

E . 1 b i 

1.241 

1.049 

.919 

.823 

.750 

,646 

.523 

ib  > / j 

2 .19/ 

1.317 

1 .119 

.981 

.880 

.803 

,691 

, 558 

1 2 . i 6. 

2.307 

1 o 443 

1.23b 

1 . 087 

.977 

.892 

,768 

.619 

l4.Uo 

2.375 

1 .bl6 

1.303 

1.150 

1 .036 

.946 

.815 

.656 

lb.  Ou 

2 . 47. 'i 

1 .o28 

1.407 

1.247 

1 . 125 

1.029 

.887 

.714 

1 8 . 0 u 

2 . bbA 

1 o 733 

1 . b06 

1.339 

1.210 

1 .109 

.957 

.770 

2 u • b vJ 

2 • ob i > 

1.832 

1.600 

1.427 

1.293 

1.186 

1.025 

.824 

<*.  *4  * U '•  i 

2 • b 3 / 

2.  U 20 

i .77b 

1.595 

1 .450 

1.333 

1.156 

.931 

O >J  « ij  < / 

3 . UOO-, 

2.279 

2.02b 

1.829 

1.671 

1.542 

1.343 

1.084 

1)  O • U u 

3 . U3b. 

2 » b22 

2 . 2b9 

2.050 

1,881 

1.740 

1.521 

1.231 

^ «uu 

3 . 569 

2 » 7 b b 

2.482 

2.262 

2.082 

1.931 

1.694 

1.375 
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DEFINITION  Q=KP*(TG~TP) 

WHERE  G = HEAT  TRANSFER  TO  PIPE 

0TU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FAC  TOR 
BTU/HR » FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPERATURE#  F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5oQ00  BTU/HR » SQ.FT r F/ In 
DEPTH  OF  PIPE  DPTH=  4 . OFT . 

KI-  THERMAL  CONDUCTIVITY  OF  PIPE  WALL#  BTU/HR  #SQ»F V #F/IN 


HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES#  KP 
FlBLkoLASS  PIPES  CEMENT  ASBESTOS  REINFORCED  CONCRETE 


KI=2.5 

PIPE  WALL 

SIZE  1 HICKNESS 
ID (IN)  (IN)  KP 

PIPES*  Kl=5.5 

PIPE  WALL 

SIZE  THICKNESS 
ID ( IN ) (IN)  KP 

PIPES#  KI= 12.0 

PIPE  WALL 

SIZE  THICKNESS 
ID (IN)  (IN)  KP 

2 

.0  74 

.565 

3 

.0  74 

.622 

4 

.074 

. 67u 

4 

1.070 

.683 

b 

« 1 0 b 

.746 

6 

1.320 

.763 

6 

, I Q b 

.816 

6 

1.520 

.832 

10 

. 1 bo 

.879 

10 

1.920 

.897 

12 

« 1 b 7 

.93o 

12 

2.180 

. 95b 

14 

. lo  7 

.993 

14 

2.480 

1.014 

1 b 

. 198 

1 • 0 4o 

lb 

2.720 

1.070 

3 b 

1.780 

1-111 

18 

.229 

1.099 

la 

3.300 

1 . 128 

18 

2 . 0 0 0 

1 , 1.70 

20 

« 260 

1 .150 

20 

3.640 

1 . 183 

2 0 

2.3  25 

1 .227 

^2 

• 2 o 0 

1.20b 

,14 

.291 

1.255 

24 

4.320 

1.295 

24 

2 . 375 

1 . 34  2 

bO 

.354 

1.413 

30 

2.750 

1 .520 

,3  b 

® 396 

1 .580 

3b 

6.460 

1.664 

3b 

3.125 

1.713 

42 

3.50  0 

l .929 

48 

3.875 

2*1  i 9 

54 

4 . 075 

2.470 

60 

5.375 

2 ,<  5 4 1 
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DEFINITION  Q~KP* ( T G-TP ) 

WMERt  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  # FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPl  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  5.000  bTU/HR  » SQ • FT  » P/ IN 
DEPTH  OF  PIPE  DPTHr  6. OFT. 

Kl  = THEkMAl  CONDUCTIVITY  OF  PIPE  WALL*  BTU/HR* SO. FT  * F / I ' J 


HEAT  TRmNSFc-R  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  KP 


FIBERGLASS  PIPES  CEMENT  ASBESTOS  REINFORCED  CONCRETE 


Kl=2. 

5 

PIPES*  K 1=5. 5 

PIPES*  KI=12 

. n 

PIPE 

WALL 

PIPE 

wall 

PIPE 

WALL 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

SIZE 

THICKNFSS 

IO( IN) 

{ IN) 

KP 

I D ( I N ) 

(IN)  KP 

in ( in) 

(IN) 

KP 

2 

.074 

.519 

3 

.074 

• 5bd 

4 

.074 

• 60  7 

4 

1.070  .618 

6 

.10S 

. 6 7u 

D 

1.320  .682 

6 

.10b 

• 72  b 

6 

1.520  .737 

10 

. 13b 

.773 

10 

1.920  .787 

12 

• lo7 

.617 

12 

2.160  .832 

14 

. lo7 

• 8o0 

1 4 

2.480  .875 

lb 

» 196 

.899 

lo 

2.720  .916 

16 

1.780 

.R4b 

la 

.229 

.937 

16 

3.300  .957 

18 

2.000 

.988 

20 

.260 

.974 

20 

3.640  .995 

20 

2. 125 

1.028 

22 

• 2b0 

1.011 

24 

.291 

i .047 

24 

4.320  1.071 

24 

2.375 

1 .105 

30 

.354 

1 • 1 b2 

30 

2.750 

1.219 

3b 

.396 

1 * 2bb 

3b 

b * 460  1.295 

36 

3.125 

1.333 

42 

3.500 

1 .450 

48 

3.875 

1.573 

54 

4.075 

1 .698 

60 

5.375 

1.862 
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DEFINITION  Q=KP*(TG-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

htu/hr»ft  OF  PIPP 
KP=  PIPE  heat  transfer  factor 
btu/hr.ft  of  pipf>  f 


TG=  AVERAGE  earth  TEMPERATURE  » F 
TP=  PIPE  TEMPERATURE  > F 

Thermal  CONDUCTIVITY  OF  EARTH  KS=  5.000  bTU/HR.SQ.ST.S/IN 


UEPTH  oi- 

PIPl 

n 

I 

r— 

a 
/ — •< 

8. OFT. 

Kl=  Thermal  CONDUCTIVITY  of  pipe 

WALL 

» RTU/HR 

.SO. FT. S/IN 

HEAT  TRa 

NSFcR 

FACTORS 

OF  NONMETALLIC 

UNDERGROUND  PIPES. 

KP 

F IbtRGLASS  PlFcS 

CE 

WENT  ASBESTOS 

REINFORCED  CONCRETE 

KI-2.S 

PIPES » K 1-5. 

5 

PIPES.  K I - 1 2 

.0 

PIPE 

WALL 

PIPE 

wall 

PIPE 

w ALL 

SIZE 

T HILKIMES 

s 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

ID l IN) 

( i r j ) 

KP 

I L>  ( IN)  (IN) 

KP 

ID ( IN) 

(IN) 

KP 

2 

.074 

.491 

3 

.074 

.534 

A 

.074 

• 5b9 

4 

1.070 

.579 

b 

.103 

• 624 

o 

1.320 

.635 

6 

.103 

• b f c. 

6 

1 . 52  o 

.662 

10 

* 1 3o 

.713 

10 

1.920 

.724 

12 

• lb  7 

.750 

12 

2 . 180 

.762 

14 

. 16  7 

.763 

14 

2.48o 

.798 

lb 

. 196 

.61o 

1 o 

2 * 7 2 0 

.832 

lb 

1 .780 

.856 

lb 

.229 

.649 

1 6 

3 • 30o 

. 865 

18 

2.000 

.891 

2u 

• 2bU 

.679 

do 

5.640 

.89b 

20 

2.125 

.922 

22 

.260 

.909 

24 

.291 

.936 

24 

4 . 320 

.956 

24 

2.375 

. 984 

30 

.364  1 

. 020 

30 

2.750 

1 .072 

3b 

. 396  1 

.100 

3o 

b • 460  1 

. 127 

36 

3.125 

1 .158 

42 

3.500 

1.243 

46 

3.875 

1 . 329 

54 

4.075 

1.413 

bO 

5.375 

1.518 
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DEFINITION  Q=KP*(TG“TP> 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  * FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  » FT  OF  PIPE » F 
TG-  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR » SQ . FT » F/ IN 
DEPTH  OF  PIPE  DPTH-  4. OFT. 

KI=  THERMAL  CONDUCTIVITY  OF  PIPE  WALL*  BTU/HR * SQ . FT  * F/ I N 


HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  KP 


FIBERGLASS  PIPES 


CEMENT  ASBESTOS 


REINFORCED  CONCRETE 


KI=2. 

5 

PIPES*  Kl= 

5.5 

PIPES*  KI  = 12 

.0 

PIPE 
SIZE 
IU( IN) 

WALL 

THICKNESS 
(IN)  KP 

PIPE 
SIZE 
ID ( IN) 

wall 

THICKNESS 
(IN)  KP 

PIPE 
SIZE 
ID ( IN) 

WALL 

THICKNESS 
( IN) 

KP 

2 

.074 

.634 

3 

.074 

.923 

4 

.074 

.996 

4 

1.070 

.975 

b 

.10b 

1.111 

6 

1.320 

1.092 

8 

.105 

1.217 

8 

1.520 

1.193 

1U 

.136 

1.307 

10 

1.920 

1.280 

12 

.167 

1.391 

12 

2.180 

1.365 

14 

.167 

1.476 

14 

2.480 

1.444 

lb 

.198 

1.554 

16 

2.720 

1.523 

16 

1.780 

1.637 

18 

.229 

1.631 

18 

3.300 

1.594 

18 

2.000 

1.724 

20 

.260 

1.706 

20 

3.640 

1.666 

20 

2.125 

1.807 

22 

• 2b0 

1.786 

24 

.291 

1.661 

24 

4.320 

1.817 

24 

2.375 

1.97b 

30 

.354 

2.093 

30 

2.750 

2.235 

3b 

.398 

2.339 

36 

6.460 

2.292 

36 

3.125 

2.515 

42 

3.500 

2.826 

48 

3.875 

3.186 

54 

4.075 

3*605 

60 

5.375 

4.247 
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lLFINITION  Q=KP^(TG»TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR# FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPERATURF » F 
TP-  PIPE  TEMPERATURE  # F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=  7.500  BTU/HR # SO . FT # F/ IN 
DEPTH  OF  PIPE  DPT Hz  6. OFT. 

KI=  THERMAL  CONDUCTIVITY  OF  PIPE  WALL#  BTU/HR » SO .FT » F/IN 


HEAT  TRANSFER  FACTORS  OF  NONM£TALLIC  UNDERGROUND  PIPES#  KP 


F IBLRGLASS  PIPES 
K 1=2 .5 


CEMENT  ASBESTOS  REINFORCED  CONCRETE 

PIPES#  Xl=5.5  PIPES#  K 1 = 12 » 0 


PIPE  WALL 

SIZE  THICKNESS 
I U ( IN)  (IN)  KP 

PIPE  WALL 

SIZE  THICKNESS 
ID ( IN)  (IN)  KP 

PIPE 
SIZE 
ID  C IN) 

WALL 

THICKNESS 
(IN)  KP 

2 

. 07^ 

.768 

3 

.074 

.843 

4 

.074 

.903 

4 

1.070 

. 886 

6 

.10b 

.997 

6 

1.320 

.981 

8 

.105 

1.080 

a 

1.520 

1.062 

10 

.13b 

1.151 

10 

1.920 

1.130 

12 

.167 

1.215 

12 

2*130 

1.195 

14 

.167 

1.280 

14 

2.480 

1.255 

lb 

. 198 

1 * 336 

16 

2.720 

1.313 

16 

1.780 

1 .397 

18 

.229 

1.393 

18 

3.300 

1.364 

18 

2.000 

1.459 

20 

.260 

1.447 

20 

3.640 

1.417 

20 

2.125 

1.517 

22 

• 2bG 

1 « 503 

24 

.291 

1.555 

24 

4.320 

1.520 

24 

2.375 

1.631 

30 

.354 

1.710 

30 

2.750 

1.799 

3o 

.398 

i.864 

3to 

6.460 

1.817 

36 

3.125 

1 .966 

42 

3.500 

2.137 

48 

3.875 

2.316 

54 

4.075 

2.50  0 

60 

5.375 

2.727 
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ULFiNlIXON  u=KP* ( To-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

BTU/HR  * F T OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
RTU/HR * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP=  PlPt  TEMPERATURE  * F 

THLKMmL  CONDUCTIVITY  OF  EARTH  KS=  7.500  HTU/HR  * SO • FT *r /IN 
DEPTH  of  PIPE  DPTH=  8. OFT. 

K I - THERMAL  CONDUCTIVITY  of  PIPE  WALL*  RTU/HR * SQ.FT r F/ IN 


HEAT  TRaNSFLK  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  K^ 


F lDt_KGLASS  PlPEb  CEMENT  AsRESTOS  REINFORCED  CONCPETE 


K 1 —2  » 5 

PIPES*  Kl= 

5.5 

PIPES*  KI=12 

.n 

PIPE 

wall 

PIPE 

wall 

PIPE 

WALL 

SIZE 

TH1CKNE 

SS 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

id  t In) 

(IN) 

KP 

ID ( IN) 

( IN) 

KP 

ID ( IN) 

(IN) 

KP 

2 

. 0 7h 

.72/ 

0 

.074 

.794 

4 

.0  74 

.847 

4 

1.070 

.832 

b 

• 105 

.929 

o 

1.320 

.915 

6 

• 1 J D 

1.001 

d 

1 .52u 

.985 

lu 

• 1 3o 

i .061 

lu 

1.920 

1.043 

Id 

. lu 7 

i . 1 1 o 

12 

2.180 

1.098 

14 

. 1 o 7 

i . 17u 

1 4 

2.480 

1 . 148 

lb 

• 19b 

± .216 

lo 

2.720 

1.197 

1 6 

1.780 

1.267 

id 

.229 

1 .2b3 

lb 

3.300 

1.239 

18 

2.000 

1 .317 

do 

. 2bu 

1.30b 

20 

3.640 

1.282 

20 

2.125 

1.364 

2d 

. 2bU 

1.353 

2 4 

.291 

1.394 

24 

4.320 

1.365 

24 

2.375 

1 .455 

30 

. 354 

1 . bio 

30 

2.750 

1.585 

3b 

.39b 

1.635 

3o 

6.460 

1.595 

36 

3.125 

1.711 

42 

3.500 

1 .836 

48 

3.875 

1.962 

54 

4.075 

2.087 

60 

5.375 

2.233 
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DEFINITION  Q=KP* (Tb-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  t FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=10 . 000  RTU/HR » SQ . FT  * F/ IN 
DEPTH  Oh  PIPE  OPTH=  4. OFT. 

KI=  THERMAL  CONDUCTIVITY  OF  PIPE  WALL » BTU/HR » 50 . FT » F/ IN 


HE A I TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  KP 


FIBERGLASS 

KI=2. 

PIPES 

5 

CEMENT  ASBESTOS 
PIPES * kl=5.5 

REINFORCED  CONCRETE 
PIPES*  K I"12. 0 

PIPE 

SIZE 

lU(lN) 

WALL 

THICKNESS 
(IN)  KP 

PIPE 
SIZE 
ID  C IN) 

WALL 

THICKNESS 
(IN)  KP 

PIPE 
SIZE 
irx  in) 

WALL 

THICKNESS 
(IN)  KP 

2 

.0  74 

i . 09b 

3 

.074 

1.217 

4 

.074 

1 . 31o 

4 

1.070 

1.241 

b 

.105 

1 • 46b 

o 

1.320 

1.392 

a 

.10b 

i . 609 

8 

1 .520 

1.523 

10 

* 13o 

1.727 

10 

1.920 

1.628 

12 

• lb7 

i.837 

12 

2.180 

1.734 

14 

• lo7 

1.951 

14 

2.480 

1.633 

lb 

.198 

2.053 

lb 

2.720 

1.931 

16 

1.780 

2.145 

18 

.229 

2.162 

is 

3.300 

2.009 

18 

2.000 

2.257 

20 

• 26U 

2.250 

20 

3.640 

2.099 

20 

2.125 

2.366 

22 

. 2b0 

2.35o 

24 

.291 

di.453 

24 

4.320 

2.276 

24 

2.375 

2.584 

30 

.354 

2 • 756 

30 

2.750 

2.922 

36 

.398 

3.079 

3o 

6.460 

2.826 

36 

3.125 

3.283 

42 

3.500 

3.683 

48 

3.875 

4.143 

54 

4.075 

4.681 

60 

5.375 

5 • 460 
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DEFINITION  Q=KP*  (T(3-TP) 

WHERE  0 = HEAT  TRANSFER  TO  PIPE 

RTU/HR  * FT  OF  PIPE 
KP  — PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=10.000  BTU/HR  * SQ . FT  » r / I N 
DEPTH  Oh  PIPE  DPTH-  6. OFT. 

KI=  THERMAL  CONDUCTIVITY  OF  PIPE  WALL*  BTU/HR  » SO . FT  * F/ I N 


HEAT  TKANSFtK  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  KP 


FIBERGLASS  PIPES  CEMENT  ASBESTOS  REINFORCED  CONCRETE 


K I — 2 • 

5 

PIPES*  K I “ 

5.5 

PIPES*  KI=12 

.0 

PIPE  wall 

SIZE  THICKNESS 
ID (IN)  (IN)  nP 

PIPE  wall 

SIZE  THICKNESS 
I D ( IN)  (IN)  KP 

PIPE 
SIZE 
I D ( 1 N ) 

WALL 

THICKNESS 
( IN) 

KP 

2 

.074 

i . Olu 

3 

.074 

1.112 

4 

.074 

1.194 

4 

1.070 

1.132 

6 

. 103 

1 • 3io 

o 

1.320 

1.256 

8 

.103 

1.430 

6 

1.520 

1.362 

10 

. 1 3o 

i • 522 

10 

1 .92u 

1.445 

12 

. 167 

1.607 

12 

2.180 

1.527 

14 

.167 

1.693 

14 

2.480 

1.602 

16 

.196 

1 . 7b9 

1 6 

2.720 

1.676 

16 

1.780 

1 . 83b 

18 

.229 

1.841 

1 6 

3.300 

1.733 

18 

2.000 

1.916 

20 

.260 

1.912 

20 

3.640 

1.798 

20 

2.125 

1.992 

22 

.260 

1 • 9oo 

24 

.291 

2.034 

24 

4.320 

1.923 

24 

2.375 

2.142 

30 

.334 

2.237 

30 

2.750 

2.361 

3b 

.396 

c.4oU 

3o 

6.460 

2.27b 

36 

3.125 

2.579 

42 

3.500 

2.801 

48 

3.875 

3.032 

54 

4.075 

3.272 

60 

5.375 

3.551 
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SSHTP= 


9 


definition  q=kp*(tg-tp) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
bTU/HR » FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP-  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=10.000  bTU/HR # SQ . FT » F/ IN 
DEPTH  Oh  PIPE  DPTH=  8. OFT. 

Kl=  THERMAL  CONDUCTIVITY  OF  PIPE  WALL#  BTU/HR  » SO • FT » F/ I N 


HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES#  KP 


FIBERGLASS  PIPlS 
KI=2.5 

CEMENT  ASBESTOS 
PIPES#  Kl=5.5 

REINFORCED  CO 
PIPES#  KI= 

MCRETE 

12.0 

PIPE 

wall 

PIPE 

WALL 

PIPE 

WALL 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

SIZE 

THICKNFSS 

iu( In) 

(IN) 

KP 

ID ( IN) 

( IN) 

KP 

ID ( IN) 

( IN) 

KP 

2 

.074 

.967 

3 

.074 

1 . U4o 

4 

.074 

1 .120 

4 

1.070 

1.065 

o 

.106 

1.229 

6 

1.320 

1.175 

6 

• 1 Ob 

i « 32o 

8 

1.620 

1.267 

1U 

« 1 3o 

1.406 

lu 

1.920 

1.32  8 

12 

. 167 

i • 4 7o 

12 

2.180 

1.408 

14 

. lb  1 

i . 6*49 

14 

2.480 

1.472 

16 

. 198 

1.611 

lo 

2.720 

1.534 

16 

1 .780 

1 « 666 

18 

.229 

I » 671 

18 

3 . 30  0 

1.581 

18 

2.000 

1 .732 

20 

.260 

1.729 

2u 

3.640 

1.634 

20 

2. 125 

1 .794 

22 

• 2o0 

1.769 

24 

.291 

1.848 

24 

4.320 

1.736 

24 

2.375 

1.913 

30 

.364 

L • 0U4 

30 

2»750 

2 . 084 

3b 

. 39d 

2.161 

3o 

6 • 46U 

2.013 

36 

3.125 

6.249 

42 

3.50  0 

2.412 

48 

3.876 

p .576 

54 

4.075 

2.740 

60 

5.375 

2.92  0 
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SSHTP=  10 


DEFINITION  G=KP*(TO-TP5 

WHERE  0 = HEAT  TRANSFER  TO  PIPF 

BTU/HR  .FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR  . FT  OF  PIPE.  F 
TG=  AVERAGE  EARTH  TEMPERATURE.  F 
TP-  PIPE  TEMPERATURE  . F 

TrttKMAL  CONDUCTIVITY  OF  EARTH  KS=12.000  UTU/HR » SO . FT . F/ I N 
DEPTH  Or  PIPE  DPTH=  4. OFT. 

K I - THERMAL  CONDUCTIVITY  OF  PIPE  WALL  » BTU/HR » SQ. FT  * F/ IN 


HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES.  KP 


F I Ufc  RGLaSS  PIPED  CEMENT  ASBESTOS  REINFORCED  CONCRETE 


K 1 — 2 • 

5 

PIPES.  K I - 

5.5 

PIPES.  K I r 1 2 

.0 

PIPE 

WALL 

PIPE 

wall 

PIPE 

WALL 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

lu ( in) 

( I N ) 

KP 

ID( IN) 

(IN) 

KP 

ID ( IN) 

(IN) 

KP 

2 

.074 

1.299 

5 

.074 

1.447 

4 

.074 

1 . 5b  7 

4 

1.070 

1.436 

o 

.105 

x • 74 b 

o 

1.320 

1.613 

b 

.105 

x .919 

b 

1.520 

1.767 

10 

. 1 5o 

£.057 

10 

1.920 

1.885 

12 

. 10/ 

2.187 

12 

2.180 

2.006 

14 

. lb 7 

2.52b 

1 4 

2.480 

2.118 

lb 

. 19d 

2*444 

lb 

2.720 

2.230 

16 

1.780 

2.539 

lb 

.229 

2 * 5bl 

lb 

3.300 

2.310 

18 

2.000 

2.669 

20 

. 2b0 

t*b7o 

20 

5.640 

2.409 

20 

2.125 

2.798 

22 

• 2b0 

2*804 

24 

.291 

^•917 

24 

4.320 

2.604 

24 

2.375 

3.056 

50 

.554 

s.275 

30 

2.750 

3.452 

5b 

.59b 

5 * 657 

3o 

6.460 

3.199 

36 

3.125 

3.875 

42 

3.500 

4 . 342 

48 

3.875 

4.875 

54 

4.075 

5.502 

60 

5.375 

6.370 
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SSH ! P - 11 


DEF  INI  T ION  G=KP*(TG-TP) 

WHERE  Q - HEAT  TRANSFER  TO  PIPE 

BTU/HR  » FT  OF  PIPE 
K P—  PIPE  heat  TRANSFER  FACTOR 
BTU/FIR  * FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  PIPE  TEMPERATURE  * F 

thermal  conductivity  of  earth  ks=12.ooo  btu/hr*sq.ft*f/ih 
LEPIm  of  PIPE  DPTHr  6. OFT. 

K I — THERMAL  CONUUCTIVITY  OF  PIPE  WALL  * BTU/HR * SO . FT  * F/ T ! 


He. A I TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  KP 


FIBERGLASS  PIPES 
K I -2  • 5 

CEMENT  ASBESTOS 
PIPES*  K I =5 • 5 

REINFORCED  CONCRETE 
PIPES*  KI=12.0 

PIPE  WALL 

SIZE  THICKNESS 
IU ( IN ) (IN)  KP 

PIPE  WALL 

SIZE  THICKNESS 
ID (IN)  (IN)  KP 

PIPE 
SIZE 
ID  < IN) 

WALL 

THICKNESS 

(IN) 

KP 

2 

.074 

1 . 199 

3 

.0  74 

i .324 

4 

.074 

i .423 

4 

1.070 

1.314 

o 

. 1 0 S 

1.570 

o 

1.320 

1 .461 

8 

. 1 0 s 

x .707 

8 

1 .520 

1.58b 

10 

. lBo 

1 .815 

10 

1.920 

1.679 

12 

. lo 7 

1.915 

12 

2.180 

1.774 

14 

. lb  / 

. 0^0 

14 

2.480 

1.860 

1 b 

. 198 

2»  108 

1 O 

2.720 

1.945 

1 6 

1.780 

2.177 

18 

.229 

2.194 

18 

3.300 

2.005 

18 

2-000 

2.271 

2U 

. 2bU 

2.277 

2u 

3 * 640 

2.077 

2 0 

2.1  25 

2 • 362 

22 

. 2bU 

c * 3b  / 

24 

.291 

2 .440 

24 

4 . 320 

2.216 

24 

2.375 

2-530 

30 

. 354 

• 68o 

30 

2 • 75U 

2 . 707 

Bo 

. 39o 

2.928 

3o 

6.460 

2.605 

3o 

3.125 

3.  134 

42 

3.500 

3.31  6 

48 

3.875 

3 « 5 6 6 

54 

4,075 

3.8  70 

bO 

5.375 

4.183 

176 


SSHT  P-  l 2 


DEFINITION  q=KP*(To-TP) 

WHERE  o = HEAT  TRANSFER  TO  PIPE 

RTU/HR  » FT  OF  PIPE 
KP—  PIPE  HEAT  TRANSFER  FACTOR 
OTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PlPt:  TEMPERATURE  * F 

THERMAL  CONUUCTIVITY  OF  EARTH  KS=12.000  t3TU/HR * SQ . FT » p/ I N 
uEPTH  Ol-  PIPE  DPTHr  8. OFT. 

K I - THEnMAL  CONDUCTIVITY  OF  PIPE  WALL  * BTU/HR * SQ . FT  * F/ I M 


HEAT  TRmNSFeR  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPFS*  KP 


P IliEHGLASS  PIPES 

CEMENT  ASBESTOS 

REINFORCED  CONCRETE 

KI=2>^|4 

PIPES*  Kl= 

5.5 

PIPES*  Kir 

12.0 

PIPE 

WALL 

PIPE 

WALL 

PIPE 

WALL 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

SIZE 

thickness 

I U ( IN)  (IN)  KP 

ID( IN) 

( IN) 

KP 

in< in) 

(IN) 

KP 

2 

.074  1 • 1 3o 

3 

.074  i.248 

4 

• 074  1 * 33o 

4 

1.070 

1.239 

b 

. 1 Ob  1 * 46b 

o 

1.320 

1.369 

8 

.10b  1*583 

6 

1.520 

1.478 

IU 

• 1 3b  1.67b 

lo 

1.920 

1.559 

12 

. Id  7 1 • 7o0 

12 

2.180 

1.640 

14 

.167  1.846 

14 

2.480 

1.713 

Id 

.196  1.922 

1 6 

2.720 

1.785 

16 

1.780 

1.979 

18 

.229  1.992 

16 

3.300 

1.834 

18 

2.000 

2.055 

2U 

»2b0  2*0bO 

20 

3.640 

1.894 

20 

2.125 

2. 129 

22 

.260  d * 1 34 

2a 

.291  2.197 

24 

4.320 

2.008 

24 

2.375 

2.271 

3U 

. 3b4  2.368 

30 

2.750 

2.47b 

3b 

» 39b  2.574 

3o 

6.460 

2.316 

36 

3.125 

2.663 

42 

3.500 

2.861 

48 

3.875 

3.054 

54 

4 . 075 

3.248 

60 

5.375 

3.451 

177 


SSHT P-  13 


ULF INIT ION  G=KP* (TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

BTU/HR  * FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR # FT  OF  PIPE#  F 
TG=  AVERAGE  EARTH  TEMPERATURE#  F 
TP-  PIPE  TEMPERATURE  # F 

THERMAL  CONUUCTIVITY  OF  EARTH  KS=15.000  BTU/HR » SO . FT # F/ I N 
DEPTH  OT  PIPE  DPTH-  4. OFT. 

KI=  THERMAL  CONDUCTIVITY  OF  PIPE  WALL#  RTU/HR # SO . FT # F/ I N 


HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES#  KP 


FIBERGLASS 
K I -2  • 

PIPES 

5 

CEMENT  ASBESTOS 
PIPES*  Kl=5.5 

REINFORCED  CONCRETE 
PIPES*  KI=12.0 

PIPE 
SIZE 
ID( In) 

WALL 

THICKNESS 
(IN)  KP 

PIPE 
SIZE 
ID( IN) 

wall 

THICKNESS 
(IN)  KP 

PIPE 
SIZE 
ID ( IN) 

WALL 

THICKNESS 
(IN)  KP 

2 

.074 

1 • 59o 

3 

.074 

1.78b 

4 

. U74 

1.93d 

4 

1.070 

1.704 

b 

.10b 

2*160 

o 

1.320 

1.919 

a 

. 10b 

c.37o 

a 

1.520 

2.105 

10 

. 1 3b 

2*545 

10 

1.920 

2.237 

12 

» lo7 

2.703 

12 

2.180 

2.330 

14 

. 167 

c.  * 87 6 

1 4 

2.480 

2.507 

16 

.19a 

3.021 

1 6 

2.720 

2.638 

1 6 

1.780 

3.111 

18 

.229 

3 * 163 

la 

3.300 

2.718 

10 

2.000 

3.267 

20 

• 26  0 

3.302 

2o 

3.640 

2.828 

20 

2. 125 

3.424 

22 

.260 

3 * 4ol 

24 

.291 

3.599 

24 

4.320 

3.044 

24 

2.375 

3.738 

30 

.354 

4.035 

30 

2.750 

4.217 

3b 

® 398 

4.502 

3b 

6.460 

3.685 

36 

3.125 

4.727 

42 

3.500 

5.286 

48 

3.875 

5.922 

54 

4.075 

6.673 

60 

5.375 

7.643 
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SSHTP=  14 


DEFINITION  Q=KP* (TG-TP) 

WHERE  Q = HEAT  TRANSFER  TO  PIPE 

HTU/HR * FT  OF  PIPE 
K P—  PIPE  HEAT  TRANSFER  FACTOR 
HTU/HR t FT  OF  PIPE # F 
TG=  AVERAGE  EARTH  TEMPERATURE » F 
TP=  PIPE  TEMPERATURE  » F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.000  HTU/HR » SO .FT  » P / IN 
UEPfH  Of-  PIPE  DPTH=  6. OFT. 

KI  = THERMAL  CONDUCTIVITY  OF  PIPE  WALL  » OTU/HR » SO . FT » F/ IN 


HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  KP 


FIBERGLASS 
KI  =2. 

PIPES 

5 

CEMENT  ASBESTOS 
PIPES*  K 1 = 5® 5 

REINFORCED  CONCRETE 
PIPES  * K I r 1 2 • 0 

PIPE  WALL 

SIZE  THICKNESS 
I D ( IN)  (IN)  KP 

PIPE  WALL 

SIZE  THICKNESS 
ID ( IN)  (IN)  KP 

PIPE 
SIZE 
ID ( IN) 

WALL 

THICKNESS 
( IN) 

KP 

2 

.074 

1.474 

3 

.074 

1 .635 

4 

.074 

1.762 

4 

1.070 

1.566 

b 

. 10S 

1.943 

6 

1.320 

1.745 

8 

. 10S 

2 * 1 lb 

8 

1.520 

1.898 

1U 

.13o 

2.248 

10 

1.920 

2.004 

12 

.187 

2.370 

12 

2.100 

2.117 

14 

« 1 to  7 

2.502 

14 

2.480 

2.217 

lb 

.198 

2.610 

lo 

2.720 

2.317 

16 

1.780 

2.675 

18 

.229 

2*714 

18 

3.300 

2.377 

18 

2.000 

2.788 

20 

.260 

2.815 

20 

3.640 

2.459 

20 

2.125 

2.900 

22 

. 2b0 

2.928 

24 

.291 

3.024 

24 

4.320 

2.615 

24 

2.375 

3.117 

30 

.354 

3.316 

30 

2.750 

3.432 

3b 

.396 

3«6lto 

36 

6.460 

3.045 

36 

3.125 

3.745 

42 

3.500 

4.062 

48 

3.875 

4.389 

54 

4.075 

4.734 

60 

5.375 

5.090 
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SSHTP=  IS 


DEFINITION  Q=KR*(TG-TP) 

WHERE  Q - HEAT  TRANSFER  TO  PIPE 

BTU/HR » FT  OF  PIPE 
KP=  PIPE  HEAT  TRANSFER  FACTOR 
BTU/HR » FT  OF  PIPE*  F 
TG=  AVERAGE  EARTH  TEMPERATURE*  F 
TP-  PIPE  TEMPERATURE  * F 

THERMAL  CONDUCTIVITY  OF  EARTH  KS=15.QQ0  BTU/HR * SQ . FT * F/ IN 
DEPTH  OF  PIPE  DPTH=  8. OFT. 

K I - THERMAL  CONDUCTIVITY  OF  PIPE  WALL * BTU/HR * SQ . FT * F/ IN 


HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PIPES*  KP 


FIBERGLASS 

PIPES 

CEMENT  ASBESTOS 

REINFORCED  CONCRETE 

KI=2. 

5 

PIPES  * KI  = 

5.5 

PIPES*  KI= 

12.0 

PIPE 

WALL 

PIPE 

wall 

PIPE 

WALL 

SI/E 

THICKNESS 

SIZE 

THICKNESS 

SIZE 

THICKNESS 

ID( In) 

( IN) 

KP 

ID ( IN) 

( IN) 

KP 

ID ( IN) 

( IN) 

KP 

2 

.074 

1.399 

3 

.074 

1.542 

4 

.074 

1 . 655 

4 

1.070 

1.481 

6 

.105 

1.814 

6 

1.320 

1.640 

8 

.105 

1 .9o3 

8 

1.520 

1.774 

10 

.136 

2.077 

10 

1.920 

1.86b 

12 

.167 

2.180 

12 

2.180 

1.964 

14 

.167 

2.291 

14 

2.480 

2.049 

lb 

.198 

2.361 

16 

2.720 

2.134 

16 

1.780 

2.435 

18 

.229 

2.467 

la 

3*300 

2.184 

18 

2.000 

2.528 

20 

.260 

2.550 

20 

3.640 

2.253 

20 

2.125 

2.619 

22 

.260 

2.642 

24 

.291 

2.719 

24 

4.320 

2.383 

24 

2.375 

2.793 

30 

.354 

2.953 

30 

2.750 

3.041 

3b 

.398 

5.183 

36 

6.460 

2.727 

36 

3.125 

3.280 

42 

3.500 

3.514 

48 

3.875 

3.749 

54 

4.075 

3.988 

60 

5.375 

4.219 
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Table  TG-1  through  TG-11  Average  Earth  Temperature  at  Various 

Stations  in  the  United  States  for 
Selected  Values  of  Thermal  Diffusivities 
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average  earth  temperature  in  deg.  f»  tg 
Thermal  diffusivity  in  ft**2/hr  alpha=  .005 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

auburn#  Alabama 

62. 

62  » 

69 . 

69, 

65. 

DECATUR # ALABAMA 

55. 

55. 

63  . 

64, 

59. 

PALMER  AAES » ALASKA 

33. 

32. 

40  • 

40  . 

36. 

TEMPE#  ARIZONA 

64. 

65. 

71. 

72. 

68. 

TUCSON » ARIZONA 

70. 

70. 

76. 

78. 

73. 

BRAWLEY  » CALIFORNIA 

73. 

74. 

81. 

82 » 

77. 

DaV IS  # CALIFORMIA 

63. 

62. 

70. 

71  . 

67  . 

FT.  COLLINS f COLO. 

46. 

46 . 

55. 

55. 

51 . 

STORRS#  CONN. 

48. 

47. 

56. 

57. 

52. 

GAINESVILlE#  FLA. 

68. 

70. 

76. 

76. 

73. 

ATHENS  » GEORGIA 

62. 

62. 

70. 

71. 

66  . 

Moscow # Idaho 

44. 

43. 

50. 

51. 

47. 

LEMONT » ILLINOIS 

48. 

47. 

57. 

58. 

52. 

urbana » Illinois 

49. 

48. 

58. 

59. 

53. 

WEST  LAFAYETTE » TnD 

50. 

49. 

59. 

60  * 

54. 

AmLS#  IOWA 

47. 

46  a 

58. 

59. 

52. 

Burlington  # Iowa 

50. 

50. 

62. 

63. 

^6, 

CASTANA#  IOWA 

45. 

44. 

57, 

58. 

51 . 

council  bluffs# Iowa 

50. 

49. 

60. 

60. 

55. 

SARATOGA#  IOWA 

44. 

42. 

55. 

55. 

49. 

SPENCER#  IOWA 

44. 

44. 

55. 

55. 

50. 

GARDEN  CITY#  KANSAS 

51. 

53. 

63. 

64. 

58. 

MANHATTAN#  KANSAS 

51. 

51. 

61. 

62. 

56. 

MOUND  VALLEY»KANSAS 

55. 

55. 

65  • 

66  0 

60  . 

LEXINGTON#  KENTUCKY 

54. 

53. 

62. 

63 . 

58. 

UPPER  MARlBORO#  MO. 

51. 

51. 

60. 

61. 

56. 

EAST  LANSING#  MICH. 

47. 

45. 

54. 

55. 

50. 

FAIRMONT.  MINNESOTA 

45. 

45. 

55. 

55. 

50. 

FARIBAULT# MINNESOTA 

43. 

41 . 

52. 

52. 

47. 

ST.  PAUL#  MINNESOTA 

45. 

42. 

54. 

55. 

49. 

WASECA#  MINNESOTA 

44. 

47. 

56. 

54. 

50. 

state  UNIV.»  MISS. 

62. 

63 . 

71. 

72. 

67. 

FAUCETT#  MISSOURI 

50. 

48 . 

58. 

59. 

54. 

Kansas  city#  mo. 

51. 

50. 

59. 

60. 

55. 

SIKESTON#  MISSOURI 

55. 

55. 

65  • 

66  • 

60. 

SPlCKARD#  MlSSOUwI 

52. 

50. 

58. 

60  . 

55. 

BuZEMAN#  MONTANA 

41. 

39. 

47. 

47. 

43. 

HUNTLEY#  MONTANA 

46. 

45  >* 

55. 

55 « 

50. 

LINCOLN » NEBRASKA 

47. 

47 . 

57. 

58. 

53. 

NEW  BRUNSWICK,  N.J. 

50. 

49. 

57. 

59. 

54. 

ITHACA#  NEW  YORK 

45. 

44. 

52. 

53. 

49. 

COLUMBUS » OHIO 

49, 

48. 

57. 

58. 

53. 

COSHOCTON#  OHIO 

48. 

47. 

55. 

57. 

52. 

WOOSTER#  OHIO 

48. 

47. 

56  • 

57. 

52. 

baRnsdall#  Oklahoma 

59. 

58. 

67. 

68. 

63  . 

LAKE  HEFnER#  OKLa. 

59. 

59. 

68. 

69. 

64. 

PAwHUSKA  # OKLAHOMA 

57. 

56  . 

65  • 

66. 

61. 

OTTAWA#  ONTARIO 

43. 

41. 

51. 

51 . 

47. 

CORVALLIS#  OREGO.m 

52. 

52. 

59. 

59. 

55. 

HOOD  RIVER#  OREGON 

48. 

49. 

55. 

56. 

52. 
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AVERAGE  EARTH  TFMPERATURE  In  DEG.  Ft  TG 


thermal  diffusivity  in  ft**2/hr  alpha=  .005 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEDFORD t OREGON 

53. 

53. 

59. 

60  e 

56. 

PENDLETON.  OREGON 

49. 

50. 

59. 

59. 

54. 

STATE  COLLEGE.  Pa. 

48. 

47. 

56. 

57. 

52. 

KINGSTON.  R.  I. 

47. 

44. 

53. 

54. 

50. 

CALHOUN.  S. CAROLINA 

53. 

59. 

67. 

68. 

63. 

MAuISON.  S.  DAKOTA 

43. 

41. 

52. 

52. 

47. 

JACKSON.  TENNESSEE 

55. 

56. 

64. 

63  . 

59. 

TEMPLE.  TEXAS 

67. 

66. 

75. 

75. 

71. 

SALT  LAKE  CITY .UTAH 

46. 

46. 

54. 

54. 

50. 

BURLINGTON.  VERMONT 

44. 

42. 

52. 

52. 

48. 

PULLMAN.  WASHINGTON 

45. 

46. 

53. 

52. 

50. 

SEATTLE.  WASHINGTON 

50. 

50. 

55. 

55. 

53. 

AFTON.  WY0MIN6 

45. 

44. 

51. 

52. 

48. 
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Table  TG-2 


average  earth  temperature  In  deg.  f>  tg 
thermal  diffusivity  in  FT **2/ HR  ALPHA=  .010 


station  states 

WINTER 

SPRING 

SUMMER 

FALL 

YEAR 

AUBURN.  ALABAMA 

60. 

61. 

71. 

70. 

65  • 

DECATUR.  ALABAMA 

52. 

54. 

65. 

65  • 

59. 

PAi_^lER  AAc.S.  ALASKA 

31. 

31  . 

42. 

41. 

36. 

TEMPE.  ARIZONA 

62. 

64. 

73. 

74. 

68. 

TUCSON.  ARIZONA 

68. 

69. 

77. 

79. 

73. 

BKAWLEY.  CALIFORNIA 

70. 

73. 

83 . 

84. 

77. 

DAVIS.  CALIFORMIA 

61. 

61. 

72. 

72. 

67. 

FT.  COlLINS.  COLO. 

44. 

45  • 

58  e 

56. 

51. 

STOrrS.  CONN. 

46. 

45. 

58. 

58. 

52. 

GAINESVILLE.  FLA. 

65. 

70. 

77. 

77, 

73. 

ATHENS.  GEORGIA 

59. 

61. 

72. 

72. 

66. 

MOSCOW.  IUAHO 

43. 

42. 

52. 

52. 

47. 

LEMONT.  ILLINOIS 

46. 

45. 

59. 

59. 

52. 

urBana.  Illinois 

46. 

47. 

61 . 

60. 

53. 

WEST  LAFAYETTE.  IND 

47. 

47. 

62. 

61 . 

54. 

AMES.  IOWm 

44. 

45. 

62  • 

60. 

52. 

BURLINGTON.  IOwA 

47. 

49. 

66. 

65. 

56. 

CASTANA.  IOWA 

42. 

42. 

61. 

59. 

51. 

COUNCIL  BLUFFS. IOWA 

47. 

47. 

62 . 

62. 

55. 

SARATOGA.  IOwA 

41. 

40. 

59. 

57. 

49. 

SPEimCER  » IOWA 

42. 

42. 

68. 

57. 

50. 

GARDEN  CITY.  KANSAS 

48. 

51. 

66  . 

66 . 

58. 

Manhattan.  Kansas 

48. 

50. 

64. 

64. 

56. 

mound  valley.kansas 

52. 

54. 

68  . 

68. 

60. 

LEXINGTON.  KENTUCKY 

51. 

52. 

65  • 

64. 

58. 

UPPER  MARLBORO.  MD. 

48. 

49. 

63  . 

63 . 

56. 

EAST  LANSING.  MICH. 

45. 

43. 

57. 

57. 

50. 

FAIRMONT.  MINNESOTA 

42. 

43. 

68. 

57. 

50. 

FARIBAULT. MINNESOTA 

40. 

40. 

55. 

53. 

47. 

ST.  PAUL.  MINNESOTA 

42. 

40. 

57. 

56. 

49. 

WASECA.  MINNESOTA 

41. 

46. 

69. 

54. 

50. 

STATE  UNIV.»  MISS. 

60 . 

62. 

73. 

73. 

67. 

FAUCETT.  MISSOURI 

47. 

47. 

61  . 

61. 

54. 

KANSAS  CITY.  MO. 

48. 

49. 

62. 

61 . 

55. 

SlKESTON.  MISSOURI 

52. 

54. 

67. 

67. 

60  . 

SPiCKARD.  MISSOURI 

50. 

49. 

60  • 

62. 

55. 

BOZEMAN.  MONTANA 

39. 

37. 

50. 

48. 

43. 

HUNTLEY.  MONTANA 

44. 

44. 

58. 

57. 

50. 

LINCOLN.  NEBRASKA 

45. 

45. 

60. 

60. 

53. 

NEW  BRUNSWICK.  N.J. 

48. 

4 A . 

60  . 

60. 

54. 

ithaca.  new  York 

44. 

43. 

54. 

54. 

49. 

COLUMBUS.  OHIO 

47. 

47. 

59. 

60. 

53. 

COSHOCTON.  OHIO 

46. 

46  . 

58. 

58. 

52. 

WOOSTER.  OHIO 

46. 

46. 

58. 

58. 

52. 

BARnSDALL.  OKLAHOMA 

56. 

57. 

69. 

69. 

63. 

LAKE  HEFNER.  OKLA. 

56. 

67. 

70. 

71. 

64. 

P Aw HUSK A » OKLAHOMA 

54. 

55. 

68. 

68  . 

61  . 

OTTAWA.  ONTARIO 

42. 

39. 

54. 

52. 

47. 

CORVALLIS.  OREGON 

50. 

61. 

61 . 

60. 

55. 

HOOD  RIVER.  OREGON 

46. 

48. 

67. 

57. 

52. 
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average  earth  temperature  In  df_g.  f» 
Thermal  diffusivity  in  ft**2/hr 


TG 


ALPHA=  .010 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEDFORD , OREGON 

51. 

52. 

61. 

61. 

56. 

Pendleton , Oregon 

46. 

49. 

61. 

60. 

54. 

STATE  COLLEGE,  Pa. 

46. 

45. 

59. 

58. 

52. 

KINGSTON,  R.  I. 

45. 

43. 

55. 

56. 

50. 

CmLHOUN,  S. CAROLINA 

56. 

58. 

70. 

69. 

63. 

MADISON,  S.  DAKOTA 

40. 

40. 

54. 

54. 

47. 

JACKSON  t TENNESSEE 

53. 

55. 

66  • 

64. 

59. 

TEMPLE » TEXAS 

64. 

65. 

77. 

77. 

71. 

SmET  LAKE  CITY,DTAii 

44. 

45. 

56. 

55. 

50. 

BoKlINGTO.m,  VERMONT 

42. 

40. 

54. 

53. 

48. 

PUL.LM  AN , .vASHINGTON 

43. 

46  . 

55. 

52. 

50. 

ScaTTlE  » .vASHINGTO  t 

48. 

50. 

56. 

56. 

53. 

AFTON , WYOMING 

43. 

43. 

53. 

53. 

48. 

Table  TG-3 


average  earth  temperature  in  deg.  f»  tg 
thermal  diffusivity  in  ft**2/hr  alpha=  .nis 


Station  states  winter 

AUBURN*  ALABAMA  58. 
DECATUR*  ALABAMA  51. 
PALMER  AAES*  ALASKA  30. 
TEMPE » ARIZONA  60. 
TUCSON*  ARIZONA  67. 
BRADLEY*  CALIFORNIA  68. 
DAVIS*  CAs_IFORMI A 59. 
FT.  COLLINS*  COLO.  42. 
STORRS*  CONN.  45. 
GAINESVILLE*  FLA.  63. 
ATHENS*  GEORGIA  57. 
MOSCOW*  IDAHO  41. 

lemont*  Illinois  44. 
urbana*  Illinois  44. 
WEST  LAFAYETTE*  IND  45. 
AMES*  IOWA  42. 
BURLINGTON*  IOWA  45. 
CAST  ANA  > IOWA  39. 
COUNCIL  BLUFFS* Iowa  45. 
SARATOGA*  IOWA  39. 
SPENCER*  IOWA  39. 
GARDEN  CITY*  KANSAS  45. 
MANHATTAN*  KANSAS  46. 
MOUND  VALLEY* KANSAS  50. 
LEXINGTON,  KENTUCKY  49. 
UPPER  MARuRORO*  HU.  46. 
EAST  LANSING*  MICH.  43. 
FAIRMONT,  MINNESOTA  40. 
FARIBAULT  *MlNNESOTA  39. 
ST.  PAUL*  MINNESOTA  40. 
WASECA*  MINNESOTA  39. 
STATE  UNIV.*  MISS.  58. 
FAUCETT*  MISSOURI  46. 
KANSAS  CITY*  MO.  46. 
SIKESTON*  MISSOURI  50. 
SPlCKARD*  MISSOURI  49. 
BOZEMAN*  MONTANA  38. 
HUNTLEY*  MONTANA  42. 
LINCOLN,  NEBRASKA  43. 
NuW  BRUNSWICK,  N.U.  46. 
ITHACA*  NEW  YORK  42. 
COLUMBUS*  OHIO  45. 
COSHOCTON*  OHIO  44. 
WOOSTER*  OHIO  44. 
BARnSDALL*  OKLAHOMA  55. 
LAKE  HEFNER*  OKLA.  55. 
PAWHUSKA*  OKLAHOMA  53. 
OTTAWA*  ONTARIO  40. 
CORVALLIS*  ORFGON  48. 
HuOu  RIVER*  OREGON  45. 


SPRING 

SUMMER 

fall 

YEAR 

61 . 

72. 

70. 

65. 

53. 

67. 

65 . 

59. 

31. 

43. 

41. 

36. 

63. 

75. 

74. 

68 . 

69. 

79. 

80. 

73. 

73. 

35 » 

84. 

77. 

61  • 

74. 

73. 

67. 

45. 

59. 

57. 

51. 

45. 

60. 

58. 

52. 

71. 

78. 

78. 

73. 

61. 

74. 

73. 

66  • 

42. 

53. 

52. 

47. 

45. 

61  . 

60. 

52. 

47. 

63 . 

61 . 

53. 

47. 

64. 

62, 

54. 

44. 

64. 

61. 

52. 

48. 

68  • 

65 . 

56  • 

42. 

63. 

60. 

51. 

47. 

64. 

63  * 

55. 

40. 

61. 

58. 

49. 

42. 

60. 

57. 

50. 

51. 

68  . 

66  • 

58. 

49. 

66  • 

64. 

56. 

54. 

69. 

68. 

60. 

52. 

67. 

65  • 

58. 

49. 

64. 

64. 

56. 

42. 

59. 

57. 

50. 

43. 

60 . 

57. 

50. 

39. 

57. 

54. 

47. 

39. 

69. 

57. 

49. 

46. 

61. 

54. 

50. 

62. 

74. 

74. 

67. 

46  . 

63 . 

61. 

54. 

48. 

63  . 

61 . 

55. 

54. 

69. 

68. 

60. 

48. 

61  . 

63. 

55. 

37. 

51. 

49. 

43. 

43. 

60. 

57. 

50. 

44. 

62. 

61  . 

53. 

47. 

61  . 

61. 

54. 

42. 

56. 

54. 

49. 

47. 

61. 

60. 

53. 

45. 

59. 

59. 

52. 

45. 

60. 

59. 

52. 

56. 

70. 

70. 

63. 

57. 

72. 

72. 

64. 

54. 

70. 

68. 

61 . 

38. 

55. 

52. 

47. 

51. 

62. 

60. 

55. 

48. 

58 » 

57. 

52. 
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average  earth  temperature  in  deg.  f » tg 
thermal  diffusivity  in  ft**2/hr  alpha=  .015 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEDFORD * OREGON 

50. 

52. 

62. 

61. 

56. 

PENDLETON*  OREGON 

43. 

49. 

63. 

61. 

54. 

STATE  COLLEGE*  Pa. 

44. 

45. 

61. 

59. 

52. 

KINGSTON*  R.  I. 

43. 

42. 

56. 

56. 

50. 

CALHOUN*  S. CAROLINA 

54. 

58. 

71. 

70. 

63. 

MADISON*  S.  DAKOTA 

39. 

39. 

56. 

54. 

47. 

JACKSON*  TENNESSEE 

52. 

55. 

67. 

64. 

59. 

TEMPLE*  TEXAS 

63. 

65. 

79. 

77. 

71. 

SALT  LAKE  CITY  *UTAH 

42. 

45. 

58. 

56. 

50. 

BURLINGTON*  VERMONT 

41. 

39. 

56. 

54, 

48. 

PULLMAN*  WASHINGTON 

42. 

45. 

56. 

52. 

50. 

SEATTLE*  WASHINGTON 

47. 

49. 

57. 

56. 

53. 

AFTON*  WYOMING 

42. 

42. 

54. 

53. 

48. 
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Table  TG-4 


AVERAGE  EARTH  TEMPERATURE  IN  DEG.  F»  TG 

Thermal  diffusivxty  in  ft**2/hr  alpha=  .020 


STATION  STATES  WINTER 
AUBURN » ALABAMA  57. 
DECATUR  * ALABAMA  50. 
PALMER  AAES*  ALASKA  29. 
TEMPE*  ARIZONA  59. 
TUCSON » ARIZONA  65. 
BRADLEY  * CALIFORNIA  67. 
DAVIS*  CALIFORMIA  58. 
FT.  COLLINS*  COLO.  41. 
STORRS*  CONN®  44. 
GAINESVILLE*  FLA.  62. 
ATHENS*  GEORGIA  56. 
MOSCOW  * IDAHO  41. 
LEMONT*  ILLINOIS  43. 
URBANA*  ILLINOIS  43. 
WEST  LAFAYETTE*  IND  44. 
AMES*  IOWA  40. 
BURLINGTON*  IOWA  43. 
CASTANA*  IOWA  37. 
COUNCIL  BLUFFS*  I 0«v A 43. 
SARATOGA*  IOWA  38. 
SPENCER*  IOWA  38. 
GARDEN  CITY*  KANSAS  43. 
MANHATTAN*  KANSAS  45. 
MOUND  VALLEY* KANSAS  49. 
LEXINGTON.  KENTUCKY  48. 
UPPER  MARLBORO*  Ml).  45. 
EAST  LANSING*  MICH.  42. 
FAIRMONT*  MINNESOTA  39. 
FARIBAULT  * MINNESOTA  37. 
ST.  PAUL.  MINNESOTA  39. 
WASECA*  MINNESOTA  37. 
STATE  UNIV.*  MISS.  57. 
FAUCETT*  MISSOURI  44. 
KANSAS  CITY*  MO.  45. 
SIKESTON*  MISSOUkI  49. 
SPXCKARD.  MISSOURI  48. 
BOZEMAN*  MONTANA  37. 
HUNTLEY*  MONTANA  41. 
LINCOLN*  NEBRASKA  41. 
NEW  BRUNSft I CK  * N.J.  45. 
ITHACA*  NEW  YORK  41. 
COLUMBUS*  OHIO  44. 
COSHOCTON*  OHIO  43. 
WOOSTER*  OHIO  43. 
BARnSDALL*  OKLAHOMA  54. 
LAnE  HEFNlR  » OKLA.  53. 
PAwHUSKA*  OKLAHOMA  51. 
OTTAWA*  ONTARIO  39. 
CuRVALLIS.  OREGON  47. 
HOOD  RIVER*  OREGON  44. 


SPRING 

SUMMER 

FALL 

YEAR 

61. 

73. 

70. 

65. 

53. 

68. 

65  ® 

59. 

30. 

44. 

41. 

36. 

63. 

76. 

74. 

68. 

69. 

79. 

80. 

73. 

73. 

86. 

84. 

77. 

60. 

75. 

73. 

67. 

44. 

61  . 

57. 

51 . 

44. 

61  • 

58. 

52. 

71. 

79. 

78. 

73. 

60. 

75. 

73. 

66  . 

42. 

54. 

53. 

47. 

44. 

62. 

60. 

52. 

47. 

64. 

61 . 

53. 

47. 

65  . 

62. 

54. 

44. 

65. 

61  . 

52. 

48. 

69. 

66 » 

56. 

41. 

65 . 

60  • 

51. 

47. 

66. 

63. 

55. 

39. 

63  e 

58. 

49. 

42. 

61. 

58. 

50. 

51 . 

69. 

66. 

58. 

49. 

67. 

65  • 

56. 

54. 

71. 

69. 

60  . 

51. 

68. 

65. 

58. 

49. 

65  • 

64  a 

56. 

42. 

60  . 

57. 

50. 

43. 

62 . 

57. 

50. 

38. 

58. 

54. 

47. 

38. 

61. 

57. 

49. 

47. 

63  . 

54. 

50. 

62. 

75. 

74. 

67. 

46. 

64. 

61. 

54. 

48. 

65 . 

62. 

55. 

54. 

71. 

68. 

60. 

48. 

62. 

63 . 

55. 

36. 

52. 

49. 

43. 

43. 

61. 

57. 

50. 

44  . 

64. 

61 . 

53. 

47. 

62. 

61  • 

54. 

42. 

67. 

54. 

49. 

46. 

62. 

61  . 

53. 

45. 

60. 

59. 

52 . 

45. 

61. 

59. 

52. 

56. 

72. 

70. 

63. 

56. 

73. 

72. 

64. 

54. 

71. 

66. 

61. 

38. 

57. 

52. 

47. 

51. 

63. 

61. 

55. 

48. 

59. 

57. 

52. 
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AVERAGE  EARTH  TFMPERATURE  in  DFG.  F » T6 

Thermal  diffusivity  in  ft**2/hr  alpha=  .020 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEOFORD » OREGON 

49. 

52. 

63. 

61. 

56. 

PENDLETON#  OREGON 

42. 

49. 

64. 

61. 

54. 

STATE  COLLEGE # PA. 

43. 

44. 

62. 

59. 

52. 

KINGSTON#  R.  I. 

42. 

42. 

5ft. 

57. 

50. 

CALHOUN#  S. CAROLINA 

53. 

57. 

72. 

70. 

63. 

MADISON#  S.  DAKOTA 

37. 

3ft. 

58. 

55. 

47. 

JACKSON#  TENNESSEE 

51. 

55. 

69. 

64. 

59. 

temple#  Texas 

62. 

65. 

BO. 

77. 

71. 

SALT  LAKE  CITY#UTAH 

41. 

4b. 

59. 

56. 

50. 

BURLINGTON#  VERMONT 

40. 

39. 

5ft. 

54. 

4ft. 

PULLMAN#  WASHINGTON 

41. 

45. 

57. 

52. 

50. 

SEATTLE#  WASHINGTON 

46. 

49. 

5ft. 

56. 

53. 

AFTON#  WYOMING 

41. 

42. 

55. 

53. 

48. 
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Table  TG-5 


AVERAGE  EARTH  TEMPERATURE  In  DEG*  F»  TG 

thermal  dxffusivity  in  ft**2/hr  alpha=  .025 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

AUdlJRN * ALABAMA 

57. 

61 . 

74. 

70, 

65 . 

DECATUR*  ALABAMA 

49. 

53. 

69. 

66  • 

59. 

Palmer  aaes*  alaska 

29. 

30. 

45. 

41. 

36. 

TEMPE  » ARIZONA 

58. 

63 . 

77. 

74. 

68, 

TUCSON*  ARIZONA 

65 . 

69. 

80. 

80. 

73. 

BRAWLEY*  CALIFORNIA 

66. 

73. 

87. 

85. 

77. 

DAVIS*  CAlIFORMIA 

57. 

60. 

76. 

73. 

67. 

FT,  COLLINS  * COLO. 

40. 

44. 

62  • 

57. 

51. 

STORKS*  CONN* 

43. 

44. 

62. 

59. 

52. 

GaInESVILlE*  FLA. 

61. 

71. 

79. 

78. 

73. 

ATHENS*  GEORGIA 

55. 

60 « 

75. 

73. 

66 . 

MOSCOW*  IDAHO 

40. 

42. 

55. 

53. 

47. 

lemont*  Illinois 

42. 

44. 

64. 

60 . 

52. 

URoANA*  ILLINOIS 

42. 

47. 

65. 

61. 

53. 

WEST  LAFAYETTE*  InD 

43. 

47. 

66. 

62. 

54. 

AMES*  IOWA 

39, 

44. 

67. 

61. 

52. 

BURLINGTON*  IOWA 

42. 

48. 

71  . 

66 . 

56. 

CASTANA*  IOWA 

36  • 

41. 

66  . 

61 . 

51. 

COUNCIL  BLUFFS* Iowa 

42. 

47. 

67 . 

63. 

55. 

SARATOGA*  IOWA 

37. 

39. 

64. 

58. 

49. 

SPENCER*  IOWA 

37. 

41. 

62  a 

58. 

50. 

GARDEN  CITY*  KANSAS 

42. 

51. 

71  . 

67. 

58. 

MANHATTAN*  KANSAS 

44. 

49. 

68. 

65. 

56. 

MOUND  VALlEY* KANSAS 

47. 

54. 

72. 

69. 

60. 

LEXINGTON*  KENTUCKY 

47. 

51  . 

69 . 

65 . 

58. 

UPPER  MARLBORO*  MO. 

44. 

49. 

66. 

64. 

56. 

EAST  LANSING*  MICH. 

41. 

41  . 

61  . 

58. 

50. 

FAIRMONT*  MINNESOTA 

38. 

43. 

63. 

57. 

50. 

FARIBAULT* MINNESOTA 

36. 

38. 

59. 

54. 

47. 

ST.  PAUL*  MINNESOTA 

38. 

38. 

62. 

57. 

49. 

WASECA*  MINNESOTA 

36. 

47. 

64. 

54. 

50. 

STATE  UNI v • * MISS. 

56. 

62. 

76. 

74. 

67 . 

FAUCETT*  MISSOURI 

43. 

45. 

65. 

61. 

54. 

KANSAS  CITY*  MO. 

44. 

48. 

65  « 

62. 

55. 

SIKESTON*  MISSOURI 

48. 

54. 

72. 

68  • 

60. 

SPICKARD*  MISSOURI 

47. 

48. 

63  • 

64. 

55. 

BOZEMAN*  MONTANA 

36. 

36. 

53. 

49. 

43. 

HUNTLEY*  MONTANA 

40. 

43. 

63 . 

57. 

50. 

LINCOLN*  NEBRASKA 

40. 

44. 

65. 

61 . 

53. 

NEW  BRUNSwICK#  N.J. 

44. 

47. 

63  • 

61  . 

54. 

Ithaca#  new  York 

41. 

41. 

58. 

54. 

49. 

COLUMBUS*  OHIO 

43. 

46. 

63 . 

61. 

53. 

CuSmOCTON*  OHIO 

42. 

45. 

61. 

59. 

52. 

WOOSTER*  OHIO 

42. 

45. 

62. 

59. 

52. 

baRnsdall*  Oklahoma 

53. 

56. 

73. 

70. 

63. 

LmKE  HEFnER*  okla. 

52. 

56. 

74. 

72. 

64. 

PAWHUSKA*  OKLAHOMA 

50. 

54. 

72. 

68. 

61 . 

OTTAWA*  ONTARIO 

39. 

37. 

58. 

52. 

47. 

CORVALLIS*  OREGON 

47. 

50. 

64. 

60  . 

55. 

HOOD  RIVER*  OREGON 

43. 

48. 

59. 

57. 

52. 
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AVERAGE  EARTH  TEMPERATURE  IN  GEG.  F»  TG 

thermal  oiffusivity  in  ft**2/hr  alpha=  .025 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEUFORD  » OREGON 

48. 

52. 

64. 

61. 

56. 

PENDLETON#  OREGON 

41. 

49. 

65  . 

61 » 

54. 

state  college#  Pa. 

42. 

44. 

63  . 

59. 

52. 

KINGSTON#  R.  I. 

41. 

41. 

58. 

57. 

50. 

Calhoun#  s. Carolina 

52. 

57. 

73. 

70. 

63. 

MADISON#  S.  DAKOTA 

36. 

3ft. 

59. 

55. 

47. 

JACKSON#  TENNESSEE 

50. 

55. 

69. 

64. 

59. 

TEMPLE#  TEXAS 

61. 

65. 

81. 

77. 

71. 

SALT  LAKE  CXTY#UTAH 

40. 

45. 

60  . 

56. 

50. 

BURLINGTON#  VERMONT 

39. 

3ft. 

59. 

54. 

4ft. 

PULLMAN#  WASHINGTON 

40. 

45. 

58. 

52. 

50. 

Seattle#  Washington 

46. 

50. 

59. 

56. 

53. 

AFTON#  WYOMING 

41. 

42. 

56. 

53. 

48. 
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Table  TG-6 


AVERAGE  EARTH  TEMPERATURE  IN  DEG.  F»  TG 

thermal  oiffusivity  in  ft**2/hr  alphas  .o30 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

AUBURN  t ALABAMA 

56 . 

61. 

75. 

70. 

65 » 

DECaTUR » ALABAMA 

48. 

53. 

70. 

66 . 

59. 

PALMER  AAES»  ALASKA 

28. 

30. 

46. 

41. 

36. 

T lMPE  » ARIZONA 

57. 

64. 

77. 

74. 

68. 

TUCSONr  ARIZONA 

64  • 

69. 

80. 

80. 

73. 

BRAWLEY*  CALIFORNIA 

65  . 

73. 

88. 

85. 

77. 

DAV IS » CALIFORMIA 

56. 

60. 

76. 

73. 

67. 

FT.  COLLINS*  COLO. 

39. 

44. 

63  . 

57. 

51 . 

siorrs.  conn. 

42. 

44. 

63. 

59. 

52. 

GAInESVILlE » FLA. 

60. 

71. 

80. 

78. 

73. 

ATHENS  » GEORGIA 

54. 

61. 

76. 

73. 

66 . 

MOSCOW » IDAHO 

39. 

42. 

55. 

53. 

47. 

LEMONT*  ILLINOIS 

41. 

44. 

64. 

60. 

52. 

URdANA  » ILLINOIS 

41. 

47. 

66. 

61. 

53. 

WEST  LAFAYETTE*  IND 

42. 

47. 

67  • 

62. 

54. 

AMES*  IOWA 

38. 

44. 

68  . 

61. 

52. 

BURLINGTOi\i  t IOWA 

41  . 

48. 

72. 

66. 

56 . 

CASTANA*  IOWA 

35. 

41  . 

67  . 

61 . 

51. 

COUNCIL  Ri_UFFS  » IOwA 

41. 

47  © 

68. 

63. 

55. 

SARATOGA,  IOWA 

36. 

39. 

65 . 

58. 

49. 

SPENCER.  IOWA 

36. 

41. 

63. 

58. 

50. 

GARDEN  CITY.  KANSmS 

41. 

52. 

72© 

67. 

58. 

Manhattan.  Kansas 

43. 

49. 

69. 

65. 

56. 

mound  VALlEY. KANSAS 

46. 

54. 

73. 

69. 

60. 

LEXINGTON.  KENTUCKY 

46. 

51 . 

70. 

65. 

58. 

UPPER  MARLBORO.  MO. 

43. 

49. 

67. 

64. 

56. 

EAST  LANSING.  MICH. 

41. 

41  . 

62. 

58. 

50. 

FAIRMONT.  MINNESOTA 

37. 

43. 

64. 

57. 

50. 

FaRlBAULT. MINNESOTA 

36. 

38. 

60 » 

54. 

47. 

ST.  PAUL.  MINNESOTA 

37. 

38. 

63. 

57. 

49. 

WASECA.  MINNESOTA 

34. 

48. 

65  . 

54. 

50. 

STATE  UNIV. . MISS. 

55. 

62. 

77. 

74. 

67. 

FAUCETT.  MISSOURI 

43. 

45. 

66  • 

61 . 

54. 

KANSAS  CITY.  MO. 

43. 

48  . 

66  o 

62. 

55. 

SiKESTON.  MISSOURI 

47. 

54. 

73. 

68. 

60  . 

SPICKARD.  MISSOURI 

46. 

46. 

64. 

64. 

55. 

BOZEMAN.  MONTANA 

36. 

36. 

54. 

48. 

43. 

HUNTLEY.  MONTANA 

39. 

43. 

63 . 

57. 

50. 

LINCOLN.  NEBRASKA 

39. 

44. 

66 . 

61  » 

53. 

NEW  BRUNSWICK.  N.J. 

43. 

47. 

64. 

61. 

54. 

ITHACA.  NEw  YORK 

40. 

41  . 

59. 

54. 

49. 

COLUMBUS.  OHIO 

42. 

46 . 

64. 

61 . 

53. 

COSHOCTON.  OHIO 

41. 

45. 

62. 

59. 

52. 

WOOSTER.  OHIO 

42. 

45. 

63. 

59. 

52. 

BAR jSDALL.  OKLAHOMA 

52. 

56. 

73. 

70. 

63. 

LAKE  HEFNER.  OKLA. 

51. 

56. 

75. 

73. 

64. 

PAWHUSKA.  OKLAHOMA 

50. 

54. 

73. 

68. 

61. 

OTTAWA.  ONTARIO 

38. 

37. 

59. 

52. 

47. 

CORVALLIS.  OREGON 

46. 

50. 

65  • 

60. 

55. 

HuOD  RIVER.  OREGON 

43. 

48. 

60. 

57. 

52. 
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AVERAGE  EARTH  TEMPERATURE  In  DEG.  F*  TG 

thermal  oiffusivity  in  ft**2/hr  alpha=  .030 


station  states 

WINTER 

SPRING 

SUMMER 

FALL 

YEAR 

MEDFQRDr  OREGON 

48. 

52. 

64. 

61. 

56. 

PENDLETON.  OREGON 

40. 

49. 

66  . 

6 1 • 

54. 

state  college.  PA. 

41. 

44. 

64. 

59. 

52. 

KINGSTON.  R.  I. 

41. 

41. 

59. 

57. 

50. 

Calhoun,  s. Carolina 

51. 

58. 

74. 

70. 

63. 

MADISON.  S.  DAKOTA 

36. 

38. 

60  • 

55. 

47. 

JACKSON.  TENNESSEE 

50. 

55. 

70. 

64. 

59. 

TEMPLE.  TEXAS 

60. 

65. 

82. 

77. 

71. 

SALT  LAKE  CITY. UTAH 

39. 

45. 

61. 

56. 

50. 

BURLINGTON.  VERMONT 

38. 

38. 

59. 

54. 

48. 

PULLMAN.  WASHINGTON 

39. 

45. 

58. 

51. 

50. 

SEATTLE.  WASHINGTON 

45. 

50. 

59. 

56. 

53. 

AFTON.  WYOMING 

40. 

42. 

57. 

53. 

48. 
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Table  TG-7 


AVERAGE  EARTH  TEMPERATURE  IN  DEG.  F>  TG 

thermal  dxffusxvity  in  ft**2/hr  alpha=  .035 


station  states  winter 
auburn » Alabama  55. 
DECATUR  t ALABAMA  48. 
PALMER  A AES  * ALASKA  28. 
tempe > Arizona  57. 
TUCSON » ARIZONA  63. 
BRAWLEY  » CALIFORNIA  65. 
DAVIS»  CALIFORMIA  56. 
FT.  COLL I NS t COLO.  38. 
STORRS  t CONN.  42. 
GAInESVILlE ( FLA.  59. 
ATHENS » GEORGIA  54. 
MOSCOW.  IDAHO  39. 

lemonTp  Illinois  40. 
urbana.  Illinois  40. 
WEST  LAFAYETTE.  IND  41. 
AMES.  IOW a 37. 
BURLINGTO.m.  IOWA  40. 
CASTANA.  iOWA  34. 

council  bluffs. iowa  40. 
SARATOGA.  IOWm  35. 
SPENCER.  IOWA  35. 
GARDEN  City.  KANSAS  40. 
MANHATTAN.  KANSAS  42. 
MOUND  VALlEY.KANSAS  46. 
LEXINGTON.  KENTUCKY  46. 
UPPER  MARLBORO.  MO.  43. 
EAST  LANSING.  MICH.  40. 
FAIRMONT,  MINNESOTA  36. 
FARIBAULT. MINNESOTA  35. 
ST.  PAUL.  MINNESOTA  36. 
WASECA.  MINNESOTA  34. 
STATE  UNIV..  MISS.  54. 
FAUCETT.  MISSOURI  42. 
KANSAS  CITY.  MO.  43. 
SIKESTON.  MISSOURI  46. 
SPlCKARD » MISSOURI  46. 
BOZEMAN.  MONTANA  35. 
HUNTLEY.  MONTANA  39. 
LINCOLN.  NEBRASKA  38. 
NEW  BRUNSWICK.  N.J.  43. 
ITHACA.  NEw  YORK  40. 
COLUMBUS.  OHIO  42. 
COSHOCTON.  OHIO  41. 
WOOSTER.  uH I 0 41. 
bakmSDALl.  Oklahoma  52. 
LAKE  HEFNER.  OKLA.  51. 
PAWnUSK A » OKLAHOMA  49. 
OTTAWA.  ONTARIO  38. 
CORVALLIS.  OREGON  46. 
HOOD  RIVER.  OREGON  42. 


SPRING 

SUMMER 

fall 

YEAR 

61. 

75. 

70. 

65. 

53. 

70. 

66. 

59. 

30. 

47. 

41. 

36. 

64  » 

78. 

74. 

68. 

69. 

81  . 

80. 

73. 

73, 

88  e> 

85. 

77. 

60. 

77. 

73. 

67. 

45. 

63. 

57. 

51. 

44. 

64  • 

59. 

52. 

72. 

80. 

79. 

73. 

61. 

77. 

73. 

66. 

42. 

56. 

53. 

47. 

44. 

65. 

60. 

52. 

47. 

67. 

61 . 

53. 

47, 

68. 

62. 

54. 

44. 

69. 

61. 

52. 

48. 

73. 

66. 

56. 

41. 

68. 

61. 

51. 

47. 

69. 

63 . 

55. 

39. 

66 . 

58. 

49. 

41. 

64. 

58. 

50. 

52. 

72. 

67. 

58. 

49. 

70. 

65. 

56. 

54  . 

73, 

69. 

60. 

51  . 

70. 

65  • 

58. 

49. 

68. 

64. 

56. 

41. 

62. 

58. 

50. 

43. 

65  • 

57, 

50. 

38. 

61. 

54. 

47. 

38. 

64. 

57. 

49. 

48. 

66  * 

54. 

50. 

62. 

77. 

74. 

67. 

45. 

67. 

61. 

54. 

48. 

67. 

61. 

55. 

54. 

73. 

68. 

60. 

48. 

64. 

64. 

55. 

36. 

55. 

48. 

43. 

43. 

64. 

57, 

50. 

44. 

67. 

62. 

53. 

47. 

65. 

61. 

54. 

41  . 

59. 

54. 

49. 

46  . 

64. 

61  . 

53. 

45. 

63  • 

59. 

52. 

45. 

64. 

59. 

52. 

56. 

74. 

70. 

63 . 

56. 

76. 

73. 

64. 

54. 

73. 

68. 

61  . 

37. 

59. 

52. 

47. 

50. 

65  • 

60  . 

55. 

48. 

6 0. 

58. 

52. 
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AVERAGE  EARTH  TEMPERATURE  I,\l  DEG.  F»  TG 

Thermal  diffusivity  in  ft**2/hr  alpha=  .035 


station  states 

WINTER 

SPRING 

SUMMER 

FALL 

YEAR 

MEDFORD,  OREGON 

47. 

52. 

65. 

61. 

56. 

PENDLETON,  OREGON 

39. 

50. 

66. 

61. 

54. 

state  college,  PA. 

41. 

44. 

64. 

59. 

52. 

KINGSTON,  R.  I. 

40. 

41. 

60. 

57. 

50. 

CALHOUN,  S. CAROLINA 

51. 

58. 

75. 

70. 

63. 

MADISON,  S.  DAKOTA 

35. 

38. 

61. 

55. 

47. 

JACKSON,  TENNESSEE 

49. 

55. 

71. 

64. 

59. 

TEMPLE,  TEXAS 

60. 

65. 

82. 

77. 

71. 

salt  lake  city,utah 

39. 

45. 

61. 

56. 

50. 

BURLINGTON,  VERMONT 

38. 

38. 

60. 

54. 

48. 

PULLMAN,  WASHINGTON 

39. 

45. 

59. 

51. 

50. 

SEATTLE,  WASHINGTON 

45. 

50. 

60. 

56. 

53. 

AFTON,  WYOMING 

40. 

42. 

57. 

53. 

48. 
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Table  TG-8 


average  earth  temperature  in  deg.  f#  tg 
Thermal  diffusivity  in  ft**2/hr  alphas  .040 


STATION  STATES 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

AUBURN#  ALABAMA 

55. 

61. 

76. 

70. 

65  • 

DECATUR  # ALABAMA 

47. 

53. 

71 . 

65 . 

59. 

PmLmER  AAES#  ALASKA 

27. 

30. 

47. 

41. 

36. 

TtMPE#  ARIZONA 

56e 

64. 

78, 

74. 

68. 

T UCSON » ARIZONA 

63. 

69 . 

81  . 

80. 

73. 

BrAa'LEY#  CALIFORNIA 

64. 

73. 

89. 

84. 

77. 

OAV is#  califormia 

55. 

60. 

78. 

73. 

67. 

FT.  COLLINS#  COLO. 

38. 

45. 

64. 

57. 

51 . 

Si OrrS  # CONN. 

41. 

44. 

64. 

59. 

52. 

GAInESVILlE#  FLA. 

59. 

72. 

80  . 

79. 

73. 

AT  HENS  # GEORGIA 

53  • 

61. 

77. 

73. 

66 . 

MwS'COW#  IDAHO 

39. 

42. 

56. 

53. 

47. 

llMont * Illinois 

40. 

44. 

66  . 

60. 

52. 

ukbana # Illinois 

40. 

47. 

67. 

61 » 

53. 

west  LAFAYETTE#  InD 

41. 

47. 

68  • 

62. 

54. 

AMES # IOw A 

36. 

44. 

69. 

61  . 

52. 

Burlington#  Iowa 

39. 

48. 

73. 

66. 

56. 

CaST ANA  # IOWA 

33. 

41  . 

89. 

61. 

51. 

COUNCIL  BLUFFS* IOWA 

40. 

47. 

69. 

63  • 

55. 

Saratoga#  iowa 

34. 

39. 

66 . 

58. 

49. 

spencer*  IOWA 

34. 

42. 

65 . 

58. 

50. 

garden  city*  Kansas 

39. 

62. 

73. 

67. 

58. 

MANHATTAN*  KANSAS 

41. 

49. 

71  . 

65 . 

56. 

MOUND  VALLEY# KANSAS 

45. 

54. 

74. 

69. 

60. 

LEXINGTON#  KENTUCKY 

45. 

51. 

71. 

65 . 

58. 

UPPER  MARLBORO*  MO. 

42. 

49. 

68, 

64. 

56. 

EAST  LANSING#  MlCri. 

40. 

41  . 

63. 

57. 

50. 

FAIRMONT#  MINNESOTA 

36. 

U3. 

66  • 

57. 

50. 

FARIBAULT .MINNESOTA 

34. 

38. 

61  • 

54. 

47. 

ST*  PAUL#  MINNESOTA 

36. 

38. 

64. 

57. 

49. 

WASECA#  MINNESOTA 

33. 

48. 

66  • 

53. 

50. 

STATE  UN I V . * MISS. 

54. 

62. 

78. 

74. 

67. 

FAUCETT#  MISSOURI 

41. 

45 . 

67. 

61. 

54. 

Kansas  city#  mo. 

42. 

48. 

67. 

61. 

55. 

SlKESTON#  MISSOURI 

46 . 

54. 

74. 

68. 

60  • 

SPlCKARD#  MISSOURI 

45. 

48. 

65  • 

64. 

55. 

BOZEMAN#  MONTANA 

35. 

35. 

66  . 

48. 

43. 

HUNTLEY#  MONTANA 

38. 

43. 

65. 

57. 

50. 

LINCOLN#  nEBRASKa 

37. 

44. 

67. 

62. 

53. 

NEW  BRUNSWICK*  N.J. 

42. 

47. 

65 . 

hi. 

54. 

ITHACA#  NEW  YORK 

39. 

4 1 « 

60. 

54. 

49. 

COLUMBUS#  OHIO 

41. 

46  • 

65. 

6 1 . 

53. 

COSHOCTON*  OHIO 

40. 

45. 

63  • 

60. 

52. 

WOOSTER#  OHIO 

41. 

45. 

64. 

59. 

52. 

baknsdall  # Oklahoma 

51. 

56. 

74. 

70. 

63. 

LAKr  HEFNER#  OKLA. 

50. 

66. 

76. 

73. 

64. 

PAwHUSKA#  OKLAHOMA 

49. 

54. 

74. 

68. 

61  . 

OTTAWA#  ONTARIO 

37. 

37. 

60. 

52. 

47. 

CuRVALLIS#  OREGON 

45. 

60. 

66  . 

60  . 

55. 

HuOD  RIVER#  OREGON 

42. 

49. 

61. 

58, 

52. 
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average  earth  TEMPERATURE  In  deg.  f#  tg 
Thermal  diffusivity  in  ft**2/hr  alpha=  .c40 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEDFORD#  OREGON 

47. 

52. 

65  . 

61. 

56. 

PENDLETON#  OREGON 

39. 

50. 

67. 

61. 

54. 

state  college#  PA. 

40. 

44. 

65. 

59. 

52. 

KINGSTON#  R.  I. 

40. 

41. 

60. 

57. 

50. 

caLhoun#  s. Carolina 

50. 

58. 

75. 

70. 

63. 

MADISON#  S.  DAKOTA 

34. 

38. 

61  . 

55. 

47. 

JACKSON#  TENNESSEE 

49. 

55. 

71. 

64. 

59. 

TEMPLE#  TEXAS 

59. 

85  . 

83. 

77. 

71. 

SALT  LAKE  CITY»UTAH 

38  • 

45. 

62. 

56. 

50. 

Burlington#  Vermont 

37. 

38. 

61. 

54. 

48. 

Pullman#  Washington 

38. 

45. 

59. 

51. 

50. 

SlATTLE#  WASHINGTON 

44. 

50. 

60  • 

56. 

53. 

AFToN#  WYOMING 

39. 

42. 

58. 

53. 

48. 
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Table  TG-9 


AVERAGE  EARTH  TEMPERATURE  IN  DEG.  F*  TG 
Thermal  diffusivity  in  ft**2/hr  alpha=  . ri45 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

AUBURN*  ALABAMA 

55. 

61. 

76. 

70. 

65. 

DECATUR*  ALABAMA 

47. 

53. 

71. 

65 . 

59. 

PALMER  AAES  * ALASKA 

27. 

30. 

48. 

41. 

36. 

TEMPE*  ARIZONA 

56  • 

64. 

79. 

74. 

68. 

TUCSON*  ARIZONA 

63. 

69. 

81. 

81. 

73. 

BRADLEY*  CALIFORNIA 

64. 

73. 

89. 

84. 

77. 

DAVIS*  CALIFORMIA 

55. 

60. 

78. 

73. 

67. 

FT.  COLLINS*  COLO. 

37. 

45. 

64. 

56. 

51. 

SIORRS*  conn. 

41. 

44. 

65  . 

59. 

52. 

GAINESVILLE*  FLA. 

58. 

72. 

81 . 

79. 

73. 

ATHENS*  GEORGIA 

53. 

61. 

77. 

73. 

66 . 

MOSCOW*  IDAHO 

38. 

42. 

57. 

53. 

47. 

lemont*  Illinois 

39. 

44. 

66  . 

60. 

52. 

URBANA*  ILLINOIS 

39. 

47. 

68  . 

61. 

53. 

WEST  LAFAYETTE*  IND 

40. 

47. 

69. 

62. 

54. 

AMES*  IOWm 

36. 

44. 

70. 

61. 

52. 

BURLINGTON*  IOWA 

39. 

48. 

74. 

66  ■ 

56. 

CASTANA*  IOWA 

33. 

42. 

70. 

61. 

51. 

COUNCIL  BLUFFS* IOWA 

39. 

47. 

70. 

63. 

55. 

SARATOGA*  IOWA 

34. 

39. 

67. 

58. 

49. 

SPENCER*  IOWA 

34. 

42. 

65  . 

58. 

50. 

GARDEN  CITY*  KANSAS 

39. 

52. 

74. 

67. 

58. 

MANHATTAN*  KANSAS 

41. 

49. 

71. 

65. 

56. 

MOUnQ  VALLEY* KANSAS 

44. 

54. 

74. 

69. 

60  . 

LEXINGTON*  KENTUCKY 

45. 

51. 

71  . 

65  • 

58. 

UPPER  MARuBORO*  MU. 

41. 

49. 

68. 

64. 

56. 

EAST  LANSING*  MICH. 

39. 

41. 

63 . 

57. 

50. 

FAIRMONT*  MINNESOTA 

35. 

43. 

66  • 

57. 

50. 

FARIBAULT* MINNESOTA 

34. 

38. 

62. 

54. 

47. 

ST.  PAUL*  MINNESOTA 

35. 

38. 

65 . 

57. 

49. 

WASECA*  MINNESOTA 

32. 

49. 

67. 

53. 

50. 

STATE  UNI V • » MISS. 

53. 

62. 

78. 

74. 

67. 

FaUcETT*  MISSOURI 

41. 

45. 

68. 

61. 

54. 

KANSAS  CITY*  MO. 

42. 

48. 

68. 

6i . 

55. 

SIKESTON*  MISSOURI 

45. 

54. 

74. 

68. 

60. 

SP.ICKARD*  MISSOURI 

45. 

48. 

65  e 

64. 

55. 

BOZEMAN*  MONTANA 

35. 

35. 

56. 

48. 

43. 

HUNTLEY*  MONTANA 

38. 

43. 

65  e 

57. 

50. 

LINCOLN*  NEBRASKA 

37. 

44. 

68. 

62  . 

53. 

NEW  BRUNSWICK*  N.J. 

42. 

47. 

66. 

62. 

54. 

ithaca*  new  York 

39. 

41  . 

60. 

54. 

49. 

COLUMBUS*  OHIO 

41. 

46. 

' tr 

ri  e 

61 . 

53. 

COSHOCTON*  OHIO 

40. 

45  • 

64. 

60. 

52. 

WOOSTER*  OHIO 

40. 

45. 

64. 

59. 

52. 

BAR.  JSDALL  * OKLAHOMA 

51. 

56. 

75. 

70. 

63. 

LmKE  HEFNER*  OKLA. 

50. 

56  . 

77. 

73. 

64. 

PAWHUSKA*  OKLAHOMA 

48. 

54. 

74. 

68. 

61. 

OTTAWA*  ONTARIO 

37. 

37. 

60  . 

51. 

47. 

CORVALLIS*  OREGON 

45. 

50. 

66  ■ 

60. 

55. 

HOOD  RIVER*  OREGON 

Ml  . 

49. 

61  . 

58. 

52. 
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AVERAGE  EARTH  TEMPERATURE  I.M  DEG.  Ft  TG 

thermal  diffusivity  in  ft**2/hr  alpha=  .045 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEDFORD*  OREGON 

46. 

52. 

66. 

61. 

56. 

PENDLETON.  OREGON 

38. 

50. 

67. 

60. 

54. 

state  college.  PA. 

40. 

44. 

66. 

59. 

52. 

KINGSTON.  R.  I. 

39. 

41. 

61  • 

57. 

50. 

caLhoun.  s. Carolina 

50. 

58. 

76. 

70. 

63. 

MADISON.  S.  DAKOTA 

34. 

38. 

62. 

55. 

47. 

JACKSON.  TENNESSEE 

48. 

55. 

72. 

64. 

59. 

TEMPLE.  TEXAS 

59. 

65. 

83. 

77. 

71. 

SALT  LAKE  CITY. UTAH 

38. 

45. 

62. 

56. 

50. 

BURLINGTON.  VERMONT 

37. 

38. 

61. 

54. 

48. 

PULLMAN.  WASHINGTON 

38. 

45. 

60. 

50. 

50. 

SEATTLE.  WASHINGTON 

44. 

50. 

60. 

56. 

53. 

AFTON.  WYOMING 

39. 

42. 

58. 

53. 

48. 
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Table  TG-10 


AVERAGE  EARTH  TEMPERATURE  IN  DEG®  Ft  TG 

thermal  oiffusivity  in  ft**2/hr  alphas  . 050 


station  states 

WINTER 

SPRING 

SUMMER 

FALL 

YEAR 

auburn#  Alabama 

54. 

61  . 

76. 

70. 

65  • 

DECaTUR#  ALABAMA 

46. 

53. 

71. 

65  • 

59. 

PALMER  AAES » ALASKA 

27. 

30. 

48. 

41. 

36. 

TEMPE  t ARIZONA 

56. 

64, 

79. 

74. 

68. 

TUCSON t AkIZONA 

62. 

69. 

82. 

81. 

73. 

BRADLEY  » CALIFORNIA 

63. 

73. 

90. 

84. 

77. 

DAV IS  # CAlIFORMIA 

55. 

60. 

78. 

73. 

67. 

FT®  COLLINS#  COLO. 

37. 

45. 

65 . 

56  • 

51. 

STOrRS  t CuNN. 

40. 

44. 

65  • 

59. 

52. 

GAlNESVlLLc t FLA. 

58. 

72. 

81. 

79. 

73. 

AlHtNS#  GEORGIA 

52. 

61  . 

78. 

73. 

66 . 

MOSCOW  t IuAHO 

38. 

42. 

57. 

53. 

47. 

lemont  t Illinois 

39. 

44. 

67  , 

60 . 

52. 

ukb ana t Illinois 

39. 

47. 

68. 

60. 

53. 

WEST  LAFAYETTE#  InD 

40. 

47. 

69. 

62. 

54. 

AiviES  » IOiiVm 

35. 

44. 

70. 

61. 

52. 

BURLINGTON#  IOWA 

39. 

48. 

74. 

66  • 

56. 

CASTANA#  IOWA 

32. 

42. 

70. 

61. 

51. 

COUNCIL  BLUFFS# IOwA 

39, 

47. 

70. 

63  . 

55. 

SARATOGA#  IOWA 

33. 

39. 

68. 

58. 

49. 

SPENCER#  iOWA 

33. 

42. 

66. 

58. 

50. 

GARDEN  CITY#  KANSAS 

38. 

52. 

74. 

67. 

58. 

Manhattan#  Kansas 

40. 

49. 

72. 

65 . 

56. 

MOUnU  VALlEY# KANSAS 

44. 

55. 

75. 

69. 

60. 

LEXINGTON#  KENTUCKY 

44. 

51  . 

72. 

65. 

58. 

UPPER  MARlBORO#  MU. 

41. 

49. 

69. 

64  . 

56. 

EAST  LANSING#  MICH. 

39. 

41  . 

64. 

57. 

50. 

Fairmont,  Minnesota 

35. 

43. 

67. 

57. 

50. 

FARIBAULT, MINNESOTA 

34. 

38. 

62. 

54. 

47. 

ST®  PAUL#  MINNESOTA 

35. 

38. 

65 . 

57. 

49. 

WASECA#  MINNESOTA 

31. 

49. 

67. 

53. 

50. 

STATE  UNI»/.»  MISS. 

53. 

62. 

78. 

74. 

67. 

FAUCETT#  MISSOURI 

41. 

45. 

68. 

61 . 

54. 

KANSAS  CITY#  MO. 

41. 

48. 

68  . 

61. 

55. 

SIKESTON#  MISSOURI 

45. 

54  . 

75. 

68. 

60. 

SPICKAkO#  MISSOURI 

44. 

48. 

65  • 

64. 

55. 

BOZEMAN#  MONTANA 

34. 

35. 

57. 

48. 

43. 

HUNTLEY#  MONTANA 

37. 

43. 

66 . 

57. 

50. 

LINCOLN#  NEBRASKA 

36. 

44. 

68. 

62 « 

53. 

NEw  BRUNSWICK#  N.u. 

41. 

47. 

66  • 

62 « 

54. 

ITHACA#  NEW  YORK 

39. 

41. 

61  . 

54. 

49. 

COLUMBUS#  OHIO 

40. 

47. 

65. 

61 . 

53. 

COSHOCTON#  OHIO 

40. 

45. 

64. 

60. 

52. 

WOOSTER#  OHIO 

40. 

45. 

65. 

59. 

52. 

BmR  jSDALL  » OKLAHOMA 

50. 

56. 

75. 

70. 

63. 

LAKE  HEFNER#  OKLA. 

49. 

57. 

77. 

73. 

64. 

PAWhUSKA#  OKLAHOMA 

48. 

54. 

75. 

68. 

61  . 

Ottawa#  Ontario 

37. 

37. 

61. 

51. 

47. 

CORVALLIS#  OREGON 

45. 

51  . 

67. 

60  o 

55. 

HOO o RIVER#  Oregon 

41. 

49. 

61  . 

57. 

52. 
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An/E  RAGE  EARTH  TEMPERATURE  In  DEG.  F»  TG 

thermal  qiffusivity  in  ft**2/hr  alpha=  .050 


STATIOim  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MEDFORD # OREGON 

46. 

52. 

66. 

61. 

56. 

PENDLETON#  OREGOm 

38. 

50. 

68. 

60. 

54. 

state  college#  Pa. 

40. 

44. 

66. 

59. 

52. 

KINGSTON#  R.  i. 

39. 

41. 

61 . 

57. 

50. 

cal.houn#  s. Carolina 

49. 

58. 

76. 

69. 

63. 

MaQTSON#  S.  DAKOTA 

33. 

38. 

62. 

55. 

47. 

JACKSON#  TENNESSEE 

48. 

55. 

72. 

64. 

59. 

TEMPLE#  TlXAS 

58  • 

65. 

84. 

77. 

71. 

salt  lake  city#utah 

37. 

45. 

62. 

55. 

50. 

Burlington#  Vermont 

37. 

38. 

62  . 

54. 

48. 

PULLMAN#  WASHINGTON 

37. 

45. 

60  . 

50. 

50. 

SEATTLE#  WASHINGTON 

44. 

50. 

60. 

56. 

53. 

AFtON#  WYOMING 

39. 

42. 

59. 

53. 

48. 
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average  earth  temperature  in  deg.  f»  tg 
Thermal  diffusivity  in  ft**2/hr  alphas  .055 


station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

auBurn » Alabama 

54. 

1 » 

77. 

70. 

65  • 

DECATUR » ALABAMA 

46. 

53. 

72. 

65  • 

59. 

PAL.VIER  AAES»  ALASKA 

27. 

30. 

49. 

41. 

36. 

TEMPE  * ARIZONA 

55. 

64. 

79. 

74. 

68. 

TUCS0N»  AkIZOnA 

62. 

69. 

82. 

81. 

73. 

BkAWLEY»  CALIFORNIA 

63. 

73. 

90. 

84. 

77. 

DAV I S » CAlIFORMIA 

54. 

60. 

79. 

73. 

67. 

FT.  COlLInS*  COLO. 

37. 

45. 

65. 

56. 

51. 

storrs#  conn. 

40. 

44. 

65. 

58. 

52. 

GaI.NESVILlE  » FLA. 

58. 

73. 

81 . 

79. 

73. 

ATHENS » GEORGIA 

52. 

61  . 

78. 

73. 

66. 

MOSCOW » IDAHO 

38. 

42. 

57. 

53. 

47. 

Lt-MONT » ILLINOIS 

39. 

44. 

67. 

60. 

52. 

uruana » Illinois 

38. 

47. 

68  • 

60. 

53. 

WEST  LAFAYETTE  » f NO 

39. 

47. 

69. 

62 . 

54. 

AMtS»  IOWA 

35. 

44. 

71  . 

61. 

52. 

BURLINGTON.  IOWA 

38. 

49. 

75. 

66. 

56. 

CASTANA#  IOWA 

32. 

42. 

71. 

61. 

51. 

Council  bluffs* io^a 

38. 

47. 

71. 

63. 

55. 

SARATOGA.  IOWA 

33. 

39. 

68  » 

58. 

49. 

SPENCER.  IOWA 

33. 

42. 

66 . 

58. 

50. 

GARDEN  CITY.  KANSAS 

38. 

53. 

75. 

66. 

58. 

MANHATTAN.  KANSAS 

40. 

49. 

72. 

65  * 

56. 

MOUND  VALLEY. KANSmS 

44. 

55. 

75. 

69. 

60. 

LEXINGTON.  KENTUCKY 

44. 

51 . 

72. 

65 . 

58. 

UPPER  MARLBORO » ml)  • 

41. 

49. 

69. 

64. 

56. 

EAST  LANSING.  MICH. 

39. 

41  . 

64. 

57. 

50  . 

FAIRMONT.  MINNESOTA 

34. 

43. 

67. 

57. 

50. 

Faribault. Minnesota 

33. 

38. 

63  • 

54. 

47. 

ST.  PAUL.  MINNESOTA 

34. 

38. 

66  • 

57. 

49. 

WASECA.  MINNESOTA 

31. 

49. 

68. 

53. 

50. 

STATE  UNIV..  MISS. 

52. 

63. 

79. 

74. 

67. 

FAUCETT.  MISSOURI 

40. 

45. 

69. 

61 . 

54. 

KANSAS  CITY.  MO. 

41. 

48. 

68. 

61. 

55. 

SiKESTON.  MISSOURI 

44. 

54. 

75. 

68. 

60. 

SPlCKARD,  MISSOURI 

44. 

48. 

66. 

64. 

55. 

BOZEMAN.  MONTANA 

34. 

35. 

57. 

48. 

43. 

huntley.  Montana 

37. 

43. 

66  • 

57. 

50. 

LINCOLN.  NEBRASKA 

36. 

44. 

69. 

61 . 

53. 

NEW  BRUNSWICK.  N.J. 

41  . 

47. 

66  . 

62. 

54. 

ithaca.  new  York 

38. 

41. 

61. 

54. 

49. 

COlnMBUS.  OHIO 

40. 

47. 

66 . 

61  . 

53. 

CuSnOCTON.  OHIO 

39. 

45. 

64. 

60. 

52. 

WOOSTER*  uHlO 

39. 

45. 

65 . 

59. 

52. 

baRnsdall.  Oklahoma 

50. 

56. 

76. 

70. 

63. 

LAKE  HEFNER.  OKLA. 

49. 

57. 

77. 

73. 

64. 

PA/kHUSKA.  OKLaHOMm 

48. 

54. 

75. 

68. 

61  . 

OTTAWA.  ONTARIO 

36. 

37. 

61 . 

51  . 

47. 

CORVALLIS.  OREGON 

44. 

51  . 

67. 

60. 

55. 

HuOD  RIVER.  OREGOi-j 

41. 

49. 

62 . 

57. 

52. 
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AVERAGE  EARTh  TEMPERATURE  In  DEG.  Ft  TG 

Thermal  oiffusivity  in  ft**2/hr  alpha=  .055 


Station  states 

WINTER 

SPRING 

SUMMER 

fall 

YEAR 

MtOFQRO#  OREGON 

46. 

52. 

66  • 

61. 

56. 

PENi  iLE  F ON  • OREGON 

37. 

50. 

68 . 

60. 

54. 

siate  college#  pa. 

39. 

44. 

66  . 

59. 

52. 

KINGSTON#  R.  I. 

39. 

41. 

62  . 

57. 

50. 

Calhoun#  s. Carolina 

49. 

58. 

76. 

69. 

63. 

madison#  s.  Dakota 

33. 

38. 

63. 

55. 

47. 

JaCkSON#  TENNESSEE 

48. 

55. 

72. 

64. 

59. 

TEMPLE#  Tc.XAS 

58. 

65. 

84. 

77. 

71. 

SALT  LAKE  CITY»UTAH 

37. 

45. 

63. 

55. 

50. 

BuRlINGTo..#  VERMONT 

36. 

38. 

62. 

54. 

48. 

PULLMAN#  WASHINGTON 

37. 

45. 

60  . 

50. 

50. 

SEATTLE#  WASHINGTON 

43. 

50. 

61. 

56. 

53. 

AFT.ON#  WYuMlNG 

39. 

42. 

59. 

53. 

48. 
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Computer  Programs 
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Appendix  A - Computer  Programs 


PIPE 

pp . 2 06 -2 1 1 

GSA 

pp.  212-213 

PIPLOT 

- 

pp.  214-216 

MULT 

- 

pp.  216-218 

VENT 

- 

pp.  219-221 

for  computation  of  finite  difference 
solution  for  the  earth  temperature 
around  the  pipe,  Figures  11-15  and 
Figure  16 

for  computation  of  Tables  SSHT  1-12  0 
plotting  routing  for  temperature  contours, 
Figures  18,  19  and  20 

for  heat  transfer  of  multiple  pipe  systems 
for  computing  air  temperature  in  vented 
underground  conduits 
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Appendix  A - Fortran  Listing  of  Computer  Programs 


fJC  RUN  KUSUDA, 24100*10*125 
iiN  A S G A = 898 


S .Lit 


FOR  PiPE.PIPEf 

Common  /a a/  xx(60) *yy(6Q) *tt(go»60) » title ( 12) 

DIMENSION  T ( 60  * bQ  ) * X ( 60 ) » Y ( 60 ) t I X ( SO ) » A ( 4 ) t 7 ( 4 ) » 0 ( 36 ) * TOG (60) # 
11 A(4>  *Tri(4)  » TGA ( 4 ) *T68(4)  *YTEMP(20) *XTEMP(20) 

IS  = DAILY  AVERAGE  EARTH  TEMPERATURE 
TOP  = PIPE  SURFACE  TEMPERATURE  * F 
H PIPE  RADIUS * FT 

OaY  = (JAYS  ELAPSED  SINCE  JAN  1 

TA  = FOURIER  COSINE  COEFFICIENTS  FOR  DIURNAL  CYCLE 
To  - FOURIER  SINE  COEFFICIENTS  FOR  DIURNAL  CYCLE 
TGA  = FOURIER  COSINE  COEFFICIENTS  FOR  ANNUAL  CYCLE 
TG,i  - FOURIER  SINE  COEFFICIENTS  FOR  ANNUAL  CYCLE 
TGO  - ANNUAL  AVERAGE  EARTH  TEMPERATURE 
AM In  = MINIMUM  SPACE  DIFFERENCE 
DIE  = THERMAL  UIFFUSIVITY  * FT  **2/HR 
CO  J - T Hi  RMAL  CONDUCTIVITY (BTU/HR*FT *F 
NT  - -i A X TIME  ITERATION 
NCMAX  NUMBER  OF  PIPE  SECTIONS 
NFS  I - STARTING  NUMBER  FOR  T IMF  ITERATION 
NSMH=  NUMBER  OF  TAPE  BLOCKS  TO  BE  SKIPPED 
112  format ( 1 of 10. 3) 

1 format (ioi7) 

999  FORMAT (12A6) 

REAU ( 5 » 999 ) ( TITLE (K) » K = 1 > 12) 

RL AD ( 5 * 1 ) 12 » Jl » J4 » NT  ► NCMAX  * NF  ST  t NSK IP 

W K I T E ( 6 * 1 ) 12* J1 * J4 * NT* NCMAX »NFST»NSK IP 

I 1=nCMhX/2+1 

NCHF=NCmAX/2 

J2  — 0 1 + NCHF 

J3=J1+NCMAX 

PI  = 4. *A 1 AN ( l . ) 

aNGlE-PI/NCMAX 

2 FORMAT C 10F7.0) 


p7 

REAP  ( 

5* 

? ) 

AMIN*  L) 

I 

F 

* CON 

»TS* 

TOP 

I P ( U 1 

F) 

36  * 3b  ► 35 

35 

WRITE 

(6 

* 3 

) AMIN*U 

I 

F 

o 

o 

* TS » 

TOP 

3 

< 

V 

5 

U. 

T ( 

F7 

. 2 » F7 . 3 * 

P 

7 

. 2 » 4F7 . 1 

) 

REAo  ( 

5* 

2) 

(TA ( I ) » I 

— 

1 

*4) 

w k I T E 

(b 

* 1 

12)  ( TA  ( 1 

) 

* 

St 

"9 

4) 

hlAU( 

5 * 

2) 

(THU  ) * I 

— 

1 

*4) 

WRITE 

( b 

. 1 

12) (TRl I 

) 

* 

1 = 1* 

4 ) 

READ  ( 

5 * 

2 ) 

( TGA ( I ) * 

I 

— 

1*4) 

-H 

c 

o 

WRITE 

(6 

* 1 

12) ( TGA ( 

I 

) 

* 1 = 1 

*4)  * 

TGO 

REAu  ( 

5 * 

2) 

( TGB ( I) * 

I 

— 

1*4) 

wRITL 

( b 

* 1 

12) ( TGB ( 

I 

) 

*1  = 1 

*4) 

2 7 


28 


IJT  = AMIN*AMIN/DIF/4 
DO  4 I - l * NCMAX 
ANG=ANGLE* I 
X TEMP ( I ) - R * S I N ( ANG ) 

> I EMP ( I ) =R  * ( 1 • —COS ( ANG ) ) 
X ( 1 ) =0 
I 1 N- I 1 + 1 

Rt AO ( 5 * 2 ) (X(I) »I— I1N*I2) 
REAL)  ( 5 * 2 ) ( Y ( J ) * J=l»  Jl) 
JiN— Jl  + 1 
J3N-U3+ 1 
DO  27  1-2  *11 

x ( I )=XTEMP( 1-1 ) 

DO  28  J=J1N»J3 
Y ( J ) — Y T EMP ( J—Jl )+Y( Jl) 
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REAu ( 5 » 2 ) (Y ( J) t J= J3N  r J4 ) 
uml  rE(b»25)  ( X ( I ) » 1=1 » 12) 

WRITE (b»25)  ( Y ( I ) ? 1 = 1 »J4) 

«KlTt(o»40)DT 
40  FuKMAT ( 1 F7 . 5 ) 

Wk  I T E ( b » 26 ) I 1 » 12 
WR  1 TE  ( 6 » 26 ) J1 1 J2  f J.3  * J4 
25  FORMAT  ( ?UF6 • 1 ) 
tin  F URMaT  ( 20  I b ) 

DU  t>  J=1»J1 

6 IX(J)=1 

DO  7 I = l»rjCrtF 
IX ( Jl+I )=I+1 

7 I X ( J2  + I ) = 1 1“ 1 

DO  8 J=J3N»J4 

8 1 a ( J ) = 1 

CmLL  Ti,(  Y#DIF»  TGA»TGD»T(,0»TOG*UAY»  J4) 

A1  K I I E ( O f ill) 

WRITE (b»21 ) (TOG( J) » J=1 » J4) 

111  FuRMAT ( SOH  UNDISTURBED  EARTH  TEMPERATURE  ) 

DO  9 1 = 1 , 12 
DO  9 J= 1 t J4 

9 T ( I # J)=FOG( J) 

DO  39  J=J1 t J3 
1 5= 1 X ( J ) 

Du  39  1 = 1 » IS 

09  T(I»J)=T OP 
ALPHA=DTF*DT*2. 

XD=2 . *R 

XU=Y ( J2) 

p=xn/xo 

X u 1 = 2 . * ( TOP-TS) 

Xu2=b. *P*P 

Xu 3= 4 • *P*SGRT ( 4 . *P*P-1 ) 

XO=Xul/LOG( XU2+XU3) *2*PI*C0N 
aK1TE(6»3U)  X G 

30  FORI5aT(10H0  XO  =F10«5) 

I\|PLOT  = 0 

IF  (imFST.EO.  1 ) GO  TO  110 
IF  (.MbKlP.EQ.U)  GO  TO  109 
DU  113  kS=l»NSKIP 
1 1 3 RLAD(7) 

1 U9  READ (7)  IX( I ) , 1=1 » 12) » ( Y ( J) , J=l, J4) # ( (T< I# J) # 1 = 1 , 12) » J=l» J4 ) »N,NPLO 
IT 

C fiMt  ITERATION  BLG I NS 

1x0  DO  100  U=f  JFST  t NT 

CALL  TtNiP  ( TO » N » T A » T3  * TS*  uT  ) 

C SURF  AC L TEMPERATURE  DETERMINATION 

DU  10  1=1 » 12 

10  1 l I » 1 ) =TO 

C DEPTH  TEMPERATURE  CALCULATIONS 

Du  20  J=2 » J4 

IS=i X ( J ) 

DU  13  1=1 » 12 

70  IF(I.EQ.l.ANO.J.LT.Jl)  GO  TO  15 
IF  ( 1 .EG.  l.AiND.  J.GT.  J3)  GO  TO  15 
IF ( 1 .LE. IS. AND. J.GE. Jl. ANU. J.LE. J3)  GO  TO  13 

GU  TO  12 

IS  A ( 1 ) =X ( 2 ) “X ( 1 ) 

A ( 2 ) =A ( 1 ) 

A(3)=Y( J)-Y( J-l) 

A l 4 ) =Y ( J+l ) — Y ( J) 
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1F(u.EG*J4)  A(4)=A<3> 

Z(1)=T(2» J) 

Z(2)=Z(  l) 

Z ( 3) -T ( 1 » J-l ) 

Z(4)=T( 1 » J+l) 

IMJ.EG.J4)  Z(4)=Z(3) 

T (l»J)  = rp(Z»A»  ALPHA  » T ( 1 » J ) ) 

GO  Tu  13 

IP.  A ( 1 ) — X ( 1 )-X( 1-1) 

A(2)=X( I +1 ) —X ( I ) 
lMi.F_G.I2)  A(2)=A(1) 

A(3)=Y(J)-Y(J-1) 

Al4)=Y( J+l)-Y< J) 

IF ( G . Eg . J4 ) A ( 4 ) -A ( 3 ) 

Z(1)=T( I-l# J) 

Z<2)=T(I+1» J) 

IF(1.EQ.I2)  Z ( 2 ) -Z.  ( 1 ) 

Zl3)=T( i » J-l) 

Z(4)=T ( 1 » J+l ) 

IF ( J . EG . J4 ) Z ( 4 ) — Z ( 3 ) 

T(l» J)=TP(Z»A» ALPHA »T( I » J) 5 
i3  CO.xiT  1NUE 
20  CONTINUE 
c.  1 FORMAT  l 2 OF  b ® 1 ) 

IU  = 2 . * 12-1 
121— 12— 1 
XX( 12)=X ( 12) 
no  106  j- 1 » J4 
1U6  Y Y ( J ) --Y ( o ) 

00  1 U 1 J=1»J4 
TI < 1 » J)=T( I2» J) 

101  TT(I2#J)=T(1»J) 

00  102  K — 1 f 121 

K 1 — I 2~ K + 1 
K2-K+I2 

X A ( K ) — X ( 12)— X(Kl) 

XX(K2)=x(K+l)+X(I2) 

DO  102  j=l» J4 
TT(k»J)=T(Kl»J) 

1 u2  TT ( K2  » J ) — T ( K + 1 » J ) 

105  FORMAT (20F6. 1 ) 

ZN-FLOAT ( N ) 

NTEST=lNT(ZN/100.  ) -1 
IF (NlEST. EG. NPLOT)  60  TO  107 
GO  To  100 
1 u 7 NPLOT  = llFLOT  + l 
nC=NOMAX+1 
DO  22  I=1#NC 
IC lK— I+Jl— 1 
IS-IX( I C 1R ) 

ANG-ANi6i_E*  ( 1-1  ) 

AImGP-P  1 ”ANG 

GX-CON* ( T ( IS* ICIR)-T ( IS+1 » IC IR ) ) / ( X ( IS+1 ) -X ( IS ) ) 
o)X  = QX*(Y(ICXK+l)-Y(ICXR-i)  )/2. 

IF(l.GT.Il)  GO  To  36 
OL Y - Y ( ICIK)-Y(ICIR-I) 

UTLiMP-T  ( IS#  ICIR)-T< IS#  ICIR-1) 
vjY=C0N+uTEMP  /DLY 
0Y=QY*(X(IS+1)— X(IS-l) )/2. 

0 ( I )=QX*SIN(  ANG)  +GY*C0S<  J\N6) 
oO  To  22 

oa  dly=y(Icir+1)-y(Icir) 
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DTEMP=T  (IS#  ICIR)-T(  IS#  ICIH-H) 

oy=coi\j*ntemp/qly 

o Y=oY* ( x ( IS+1 ) -X ( IS-1 > )/2. 

M(1)=QX*S1N(  ANGP  )+OY*C0S(  ANGP ) 

CONTINUE 

29  FORMAT ( 1 2F10.2) 
sum— n • 

DO  2o  1=1#  NC 

23  SliM=SUM+6ilI) 

QSUM=SUm/NC*2  •*PI*R 
>uSUMP=Suf»i*2  • 

CALL  MAP ( I D # J4 ) 

A'RITE(b#24)  QSUM  # QSUMP 

24  EOKMAKlOHO  Q =2F10.S) 
ixkITE(b»2b)N 

100  CONTINUE 

wRITb(7) (X( I) » 1 = 1. 12) » <Y< J) » J=1 » J4J »((T(I»J)#I  = 1#T2)#J 
1-1.04) #n»NPLOT 
•\Kllt  (o»  112)  (T(1»J)  # 1 » J4 ) 

WRITE (b# 112) (T( 12# J) »J=1#J4) 

WRITE (6.112) (0(1) »I=1»NC) 

Ob  STOP 
r.  i J l) 

in) I T FOR  XTP.XIP 

FUNCTION  TP ( 2 # A » ALPHA  » T ) 

DIMENSION  2(1  ) • A(l) 

Y 1=(2(1  >*A(2)+Z(2)*A(l)-T*(A(l)-»-A(2)  ) ) /A  ( 1 ) /A  ( ? ) / ( A ( 1 )+A(2>  ) 
Y2=(Z(3)*A(4)+Z(4)*A(3)-T*(A(3)*A(4) ) )/A(4)/A(3)/(A(3)+A(4) ) 

l P-T  + A L P H A ♦ ( Y 1 + Y2 ) 

KL  T OKI's! 

E NO 

oil  For  t o t » r o t 

SUOROuT  [NE  T6 ( Y » 0 IF » A » B » AO » TOG # DAY » J4 ) 

01' iLimSIOinI  Y(1)#A(1)#B(1)  »T0G(1) 

PI  = 4 . ♦AT  AN ( 1 . ) 

kLIa-SOkT  (PI/DIF/ft7t>0  ) 

w-2*Pl/36b.*DAY 

DO  2 J=l#  J4 

SUki-AO 

2-oET  A * Y ( J) 

4F  1 2 » 1 ► 4 

1 SUM=bUM+EXP(-Z*SoKT (K) )*(A(K) *C0S(K*W-7*S0RT(K ) ) +B ( K ) *SIN ( K*to-Z*SQ 
1RT(K) ) ) 

2 TOO ( J ) — bUM 
RETURN 
END 

i«i 1 1 for  tm » r i-i 

SUBROUTINE  T t MP (T0»N»A»B» AO » DT ) 

;j I mENS IoN  A ( 1 ) »o(  1 ) 

P-24  . 

0=0-1 

n >IE=M/P*2.  *3. 141592  ♦DT 
SUM— AO 
UO  2 1=1 #4 

2 SU;-I=SUM  + A(  I ) ♦C0S(  I^TIML)  +o  ( I ) *SIN(  I*TIME) 

To  = SUM 

RETURN 

FDD 

ini i r for  mp  # mp 

SUBROUTINE  MAP (MX# MY) 

COMMON/ A A/  X(60) #Y (60) #Z(o0#60) .TITLE (12) 

dimension  iz(121#si)  *kb(H>/ 
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1 1H2  » 1 H 1 1H4  » 1H  »1H6»1H  *1H8»1H  1 1H*/ 

DIMENSION  ZL(ll)/40.»45.#50.*55.  * 60 . t 65*  » 70  . » 75  . » 80  . » fi5 . » 90 . / 

DX=ABS(X(MX)-X(1) )/120. 

DY=ABS(Y(MY)-Y(1) )/50. 

DO  17  I=l»121 
XPX=(1-1)*DX 
DO  1 I X=2  » MX 
XP=X( IX) 

IE(XPX-xP) 3»2r 1 

1 CONTINUE 

2 zx=o 

GO  To  4 

3 ZX=(X(IX)-XPX)/(XPX-X(IX-1)) 

4 Du  17  J-l * 51 

IF ( J.GT.l)  GO  TO  31 
TX=Z(IX»1) 

GO  1 0 3P 

31  YPY=(J-1)*UY 
DO  11  jY=2»MY 
YP=-Y ( JY ) 

IF ( YPY-YP) 13» 12* il 

11  CONTINUE 

12  zr=u 

go  To  l *4 

13  Zr=l-Y(uY)-rPY)/ (YPY+Y( JY-1) ) 

4 T1=(Z(  1 a-1  t JY~1  ) *ZX+Z(  I X o uY°“l ) ) / (l.+ZX) 

T2=(Z( IX-1 » JY ) *Zx+Z( IX » JY) )/( l.+ZX) 

Ta=(T1*ZY+T2)/(1.+ZY) 

32  DO  13  K-l  * 1 1 
IFllX-ZL(K) ) 16»16»15 

15  CONTINUE 
lo  XZ( I * J)-Kh(K) 

17  CONTINUE 

lb  F OP MAT(3X»121AJ) 

19  FORMAT ( 12F10.3) 

tfO  FORMAT  ( L20H0  GR 

1 OUNL)  surface  ) 

50  FoPmaT  ( 124H  — ■ 

1— — ———————— — ------ — - — 

2— > 

cl  Format  ( 1 HI » 12A6) 

w R I T E ( 6 » 2 1 ) (TITLE  (K)  »K  = l»o) 

►V P IT  E ( 6 ' 2 0 ) 

WRITE (oe 30) 

DO  23  J-l > 51 

23  wPITE(6» 18)  ( IZ( I » J) » 1 = 1 * 121 ) 

RETURN 

EnD 

GIT  FOR  A X ' M A X 

SUBROUTINE  SaIDAI ( MX  » MY  » ZhAX ) 

common/ aa/xx ( 60 ) »yy(60) *z(go»6D) » title ( 12 ) 

Z h A X — Z ( 1 ' 1 ) 

DO  1 1=1 » MX 

DO  1 J=1»MY 
IF (ZMAX-Z( I# J) ) 2tl»l 
2 ZMAX=Z(IrJ) 

1 continue 
RETURN 
cNU 

GIT  FOR  MIn»NiIN 

SUBROUTINE  SAISHO(MX»MY»ZMIN) 

COMMON/ AA/XX ( 60 ) » Y Y ( bO ) » Z ( GO ' 60 ) » TITLE (12) 
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ZMIN=Z(1 *1) 

CO  1 I=l»MX 
DO  1 J= 1 t MY 
IF  ( ZMlN—Z  ( I » J ) ) i # 1 r 2 
2 ZivilN=Z(  i » J) 

1 CONTINUE 
RtTUKN 
END 

iniN  XQT  PIPE 

LAnTH  TEMPE.H ATURE  PROFILES 


14 

6 

19 

BUOO 

4001 

u.os 

U.024 

0.75 

Bb  • 3 

40. 

1. 

1B0. 

1.1 

1 .s 

2.0 

3.0 

B6.3 

4.0 

5.0 

6.0 

u.o 

4.1 

u..~> 

4 * :> 

1.5 

5.0 

1.9 

6.0 

2.0 

d.O 

16.0 

ft.O  16. n 


lo)  FIN 
mi  FIN 
f«i  F I N 
FIN 
W F i N 

ini  f In 
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KUm  KUSUDA, 24100#  l #30 
TPR 


U MSG  PLEASE  USE  A GOOD  LEGIBLE  RIBBON  ON  UN-LINED  PAPER 
w MSG  PLEASE  USE  LOW  SPEED  PRINTER 

iJ  MSG  PLEASE  PRINT  TPR  TWICE  AND  SAVE  THE  TPR  TAPE 
iQ  MbG  AND  INDICATE  THE  TPR  TAPE  NUMBER  ON  THE  RUN 

|fa) I T FOR  GSA,DSAl 

DIMENSION  DO (20) » TU ( 10 ) » PKS ( 10 ) #PKI (10) »DPTH(10) »PK( 10) 


1 0 7 FORMAT ( oOHl 
1SHT=14) 


S 


101  FORMAT ( SOHO 

102  FORMAT l 55H0 

103  FORMAT (55H0 

104  FuRMAT ( bOHO 
1 ) 

1103  FORMAT ( SSHO 

105  FORMAT (60H0 
1 » F 

106  Format ( ssho 

108  FuRMAT ( 41H0 


DEFINITION  QSKP* (TG-TP)  ) 

WHERE  0 = HEAT  TRANSFER  TO  PIPF  ) 

BTU/HR  »FT  OF  PIPF  ) 

KP=  PIPE  HEAT  TRANSFER  FACTOR 

RTU/HR » FT  OF  PIPE*  F ) 
TG=  AVERAGE  EARTH  TEMPFRATIJRE 

) 

TP=  PIPE  TEMPERATURE  * F ) 
THERMAL  CONDUCTIVITY  OF  EARTH  KS=F6.3  »20H  BTU 


1/NR#So»hT  »F/IN 

114  F0RMaT(41H 
1/HR » SQ.FT »F/ IN 

109  FuRMAT(41H0  DEPTH  OF  PIPE 

110  FORMAKlOHO  ) 

111  FORMAT (65H  PIPE  SIZE 

H2  FORMAT  1 1 1H  OD  ( INCHES )»  8F7 
113  FORMAT ( SSHO  THERMAL 

115  FORMAT* 1X»F1G.2»8F7. 3) 

100  FORMAT (»  HEAT  TRANSFER 

1104  FORMAT  ( ’ 


KI=F6.3 


DPTH=F6.1 


) 

» 20H  RTU 
) 

» 3HFT • ) 


THICKNESS  (INCHES) 


INSULATION 
3) 

CONDUCTIVITY  OF  INSULATION 


) 


FACTORS  OF  UNDERGROUND  PIPES#  KP») 


1 -»  ) 

1U5  FORMAT  (43H0  THERMAL  CONDUCTIVITY  OF  INSULATION  ) 

1106  FOKmaT (*0  KI=  THERMAL  CONDUCTIVITY  OF  PIPE  WALL#  RTU/HR»SQ.F 


1 T » F / 1 N » ) 

liu7  FORMAT (*0  HEAT  TRANSFER  FACTORS  OF  NONMETALLIC  UNDERGROUND  PI 

1 Pt_S » KP») 

1111  FORMAT ( * FIBERGLASS  PIPE#  KI=2.5  CEMENT  AND  CONCRETE  PIPES*KI= 

1 r> . 0 ’ ) 

1112  FORMAT ( 3 ( * PIPE  WALL  •)) 

1113  FORMAT ( 3 ( ’ SIZE  THICKNESS  »)) 

1114  FoRMaT ( 3 ( * ID ( IN)  (IN)  *)) 

1121  FORMAT ( IX# I2»2F8.3) 

1122  FORMAT ( 1H+»22X# I2»2F8. 3) 

1123  FORMAT ( 1H+ » 44X » I 2 » 2F8 • 3 ) 

1 FORMAT (10 17) 

2 FURMAT ( 10F7.0) 

3 FORMAT ( 2613) 

4 FORMAT ( 9F7 . 0 ) 

Pi=4.*ATAN(l. ) 

READ (5# 1)  ID# ITU# IKS# IK  I# IDPTH»NPAGE 
READ (5*2) ( DO ( I ) # 1=1# ID) 

READ (5# 2) (TU(I) #1=1# ITU) 

REmD  ( 5 » 2 ) ( PKS(X) # 1=1# IKS  ) 

READ  ( 5 # 2 ) ( PKI ( 1) » 1 = 1# IKI  ) 

READ  (5»2) (DPTH( I) » 1=1# IDPTH) 

DO  116  Nl=l#  IKS 

00  116  N2=l»  IKI 

IF (PKS (Hi )-PKX (N2) ) 116# 116# 130 
1_>U  DO  131  N3=l»  IDPTH 

NPAGE-NPAGE+1 
a'RITE(6#107)  NPAGE 
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WRITE (6, 101 ) 

WRlTE(6» 102) 

WKl f E ( 6 t 1 03 ) 

WR1TE(6»1U4) 

WKlTE(b» 1103) 

WRITE (b» 105) 

WRITE  (6 » 106) 

WRITE  (t>,  108)  PKS(Nl) 

WRITE lo* 1105) 

WRITE (6.114)  PK I (N2) 
v,  RITt(u»ll)9)  OPT  H { N3 ) 
wRlTE(brllO) 
w K I T E ( 6 # 100) 

WRlTE(b» 1104) 

WRITE (6. 111) 
wR ITE ( 6 » 1 1 04 ) 

wK I TE l o » 112  ) (TU( I ) » 1 = 1 * ITU) 

WR  I TE  ( 6 » 1 104) 

Ob  1 IT  i J4  = 3 » ID 
A 1-DO ( N4 ) *0 .5 
OO  118  N6=1»ITU 

IF (TU(N5) ) 128» 128» 119 

119  m2— Al+TU ( Nb ) 

Rl=PKS(Ol ) /PKl (N2) *L0G( A2/A1 ) 

GO  TO  120 
128  R1=0 
A 2 - A 1 

120  D=DPTH(l\i3)  *12. 

R-(u+ SOnT (0*0-A2*A2) )/A2 
R2-LOG ( R ) 

U=(R2  + k l ) /PKS(Nl ) 

118  pMUS)-2.*PI/U/12. 

117  wRirt(b*llb)  DO ( N4 ) » ( PK (Nb) t N5=l * ITU) 

lol  CO.  JT  INUt 
116  CONTINUE 
STOP 
END 

lalS  AQT  ObA 

19  3 1 3 1 1 

i 31H  ^.375  3.5  4.5  5*563  6*625  7*625  A.625  9.625 

1^*75  14.00  16.0  18*  20.  24.  30.  36.  42. 

0.  0 . 1306  0.150 

o . V E '• 

1.1  l.o  2.0 

b.  ' 

ioJ  F IN 


10.750 
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OB  RUN  BARBER »R2001»3» 70 
iJ  Abb  H 
;*!W  ASlj  U=bb94 
w xviT  CUR 
EKb 

INK  AalI 

INK  PLOT 30  

ToTTfok  piplotTpIplot] 

COMMON  s»MX»MY»0X#XO»DY 

DIMENSIONS  FOP  THE  XrY»  AND  Z ARRAYS  MUST  BF  FXACT • Z(I»J)  IS  THF  VALUF 
OF  THt  COORDINATE  olVEN  HY  X(l)  AND  Y«J), 

DIMENSION  X(101) » Y ( 61 ) » Z ( i 0 1 » 61 ) * BUFX YZ ( 1 000 0 ) »SPEC3D(2l) »S(2fl) 


C 

C 


1 F ORMaT ( 1 OF  7 • 0 ) 

2 FORMAT ( 1UI7) 

ZMAX  and  zmin  are 


THE 


THEY 
X AMD 


20l 


C 

C 

C 


C 

c 

c 


c 

c 


MAXIMUM  AND  MINIMUM  VALUES  OF  THF  Z ARRAY. 

MUST  BE  EXACT.  XLENGT  AND  YLi  ngt  are  the  desired  dimensions  of  the 
axes  in  inches. 

Rl AD ( 5 » 1 ) ZMAX # ZMIN » XLENGT » YLENGT 
REAulbri)  DX  » OY  * 01 » XO 

MX  and  -'.Y  ARE  THE  EXACT  NUMBER  OF  COORDINATES  IN  THE  X AND  Y ARRAYS. 

REAU (5*2)  MX  » MY 
CALL  GSh3D(X» YpZ) 

read  and  PRINT  DATA  FOR  THE  X'  Y»  AND  Z ARRAYS  FROM  TAPE.  N AND  NPLT  HAV 
NOTHING  To  DO  wITH  THIS  PROGRAM. 

2t)3  FORMAT l 2 OF  6 • I ) 
wK  1 TE ( 6 ? 204 ) 

AHllE(b»2u3) IX(IX) »IXS1»MX) 

WRITE (6» 205) 

WRITE (6,203) (Y(IY) , IY  = 1»MY) 

FOkMAT ( 2 OF  b . U ) 

WKITE(o,2Q6) 

DO  202  IX=1»MX 

Wkl Tt(6,201 ) (Z(IX, IY) » IY=1pMY) 

FOKMAT(*  X ARRAY*) 

FORMAT ( » Y ARRAY • ) 

FORMAT (•  Z ARRAY* ) 

DO  3 J=1»MY 

3 Y(J)=-Y(J) 

IN  "ORDER  TO  GET  A BETTER 
NEGATE  ALL  THE  Z VALUES  IN 
goes  up  Instead  of  down 

DO  4 J=i » MY 
DO  4 1 = 1 » MX 

4 Z(i»J)=-Z(I»J) 

THE  ARRAY  SP£C3D(1-21)  IS  USED  FOR  THE  3-D  PLOTTING. 

X DISTANCE  IN  INCHES  OF  THE  LOWER  LEFT  CORNFR  OF  THE  PLOT  FROM  THF  RFFFR- 
ENCL  POINT  9 WHICH  IS  AT  THE  LOWER  LEFT  CORNER  OF  THE  PAPFR. 

SHcCbD  ( 1)=0. 

SAMc.  AS  ABOVE  FOR  THE  Y DISTANCE® 

SPEC3D ( 2 ) =0 . 

SPEC3D ( 3-6 ) ARE  DETERMINED  BY  THE  PLOTTER. 

JGTH  OF  THE  PLOT  IN  THE  X DIRECTION  (INCHES) 


202 

204 

205 

206 


view  of  this 

ORDER  TO  GET 
ZMAX  AND  ZMIN 


PARTICULAR  PLOT,  IT  WAS  NFCFSSARY 
AN  INVERTFD  IMAGE  , I.  E.  THF  PFAK 
SHOULD  RE  ADJUSTED  ACCORDINGLY. 


LC3D ( 7 ) =XLENGT 

LtNbTH  OF  THE  PLOT  IN  THE  Y DIRECTION  (INCHES) 

SPtC3U(R)=YLENGT 

NUMBER  OF  VALUES  IN  THE  X ARRAY. 

SPLC3D ( 9 ) =MX 

NUMBER  OF  VALUES  IN  THE  Y ARRAY. 

SPLC3D (10) =MY 

WRITING  TOOL.  (NORMALLY  1) 

SPLC3U ( 1 1 ) =1 . 

TAPt  UNIT  FOR  THL  PRINTER  PLOT.  CORRESPONDS  TO  THE  i9  ASG  B CONTROL  CARO, 


o o o o 


SPEC30( 12)=8. 

SPEC3D( 13-18)  SPECIFY  THE  MAXIMUM  AND  MINIMUM  VALUES  IN  THE  THREE  ARRAYS. 
SINCE  THE  X AND  Y ARRAYS  MUST  BE  INCREASING » THEIR  MAXIMUM  AND  MINIMUM  VALUF 
ARE  GIVEN  BY  THE  LAST  AND  FIRST  COORDINATES  01-  EACH  ARRAY  RESPECTIVELY. 
MAXIMUM  VALUE  OF  THE  X ARRAY. 

SPEC3D( 13)=X(MX) 

C MINIMUM  VALUE  OF  THE  X ARRAY. 

SPEC3D(14)=X( 1) 

C MAXIMUM  VALUE  OF  THE  Y ARRAY. 

SPEC 3D (lb) =Y (MY ) 

C MINIMUM  VALUE  OF  THE  Y ARRAY. 

SPEC 3D ( 16 ) -Y ( 1 ) 

C MAXIMUM  VALUE  OF  THE  Z ARRAY. 

SPEC 3D ( 17 ) =ZMAX 

C MINIMUM  VALUE  OF  THE  Z ARRAY. 

SPEC3D(16)=ZMXN 

C SPEC3D( 19-21)  GIVE  THE  X.  Y»  AND  Z COORDINATES  OF  THE  DESIRED  VIEWING 

C POINT » RESPECTIVELY.  THE  BEST  DISTANCE  IS  5 - 10  DIAMETERS  AWAY  FROM  THE 

C PLOT.  HERE  IT  IS  b DIAMETERS  IN  BACK  OF  IT  IN  THE  X AND  Y DIRECT IONS AND  AN 

C ARBITRARY  POINT  (330)  IS  GIVEN  FOR  THE  Z COORDINATE. 

SPEC3D ( 19 ) =ABS ( X ( MX ) -X ( 1 ) )*(-6. ) 

SPEC3D(20)=ABS(Y(MY)-Y(1) )*(-6. ) 

SPEC3D (21)=330. 

C LENGTH  GIVES  THE  PLOTTER  ROOM  TO  PLOT  THE  POINTS  IN.  IT  IS  ALWAYS  SET  TO 

C A VERY  HIGH  NUMBER. 

LENGTH=1000Q 
CALl  CAMERA (2 »S) 

CALL  PL0T3D ( X » Y » Z# BUFXYZ » LENGTH » SPEC3D ) 

C CALL  GDSEND ( SPFC3D ) AFTER  THE  LAST  FRAME. 

CALL  GDSEND (SPEC3D) 

STOP 

END 

iJIT  FOR  GSA3D.GSA3D 

SUBROUTINE  GSA3D ( X > Y » T) 

COMMON  S»MX»MY»DX»XO»DY 

c this  routine  permits  the  plotting  of  the  multiple  pipe  heat 

C HEAT  CONDUCTION  ISOTHERMS 

REAL  X (101) »Y(61) » T ( 10 1 . 61 ) » TLEVEL (20 ) # A ( 5) » D ( 5 ) » R ( 5 ) » TP ( 5 ) » 0 ( 5)# KS » 

IS » S ( 28 ) 

PI=4.*ATAN(1. ) 

S(l)=l. 

S(2)=l. 

S ( 3 ) -100  e 
S ( 4 ) =-20 • 

S(5)=0. 

S(6)=-20. 

S(7)=10. 

S(8)=8. 

S(9)=l. 

S(10)=l . 

S(ll)=l. 

S(  12)=8. 

LEN=10U00 
S 1 17) =0 .25 
S(18)=0.25 
S(19)=0. 

S ( 2 0 ) - 0 . 

S(21)=1.0 
S(24)=0.5 
S(2b)=0.0 
S(2H)=0.0 
S ( 25 ) —0 . 1 
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oo  oooooooooooooooo 


li)n  CALL  MULT(A*D*R*Q*TP»L*KS*T6) 

IF(L.EQ.O)  60  TO  300 
oo  io  ix=i»mx 
X(IX)=(IX-1)*DX-X0 
DO  10  IY=1*MY 
Y(IY)=(IY“1)*DY*(“1.) 

TIIX»IY) — T G 
DO  20  K=1»L 

Z1=(X( IX)-A(K) )*(X(IX)-A(K)) 

Z2=(Y(IY)+D<K) )*(Y(IY)+0(K)) 

Z3=(Y(IY)-D(K) )*IY(IY)-D(K)) 

Z=R(K)*R (K) 

ZZ=Z1+Z2 

IF(ZZ-Z)  11*11*12 

12  T(IX*IY>=T(IX*IY)+Q<K>*L0G< (Z1+Z3)/  < Z1  + Z2 ) ) /4 . /PI/KS 
20  CONTINUE 
GO  TO  10 

11  T( IX* IYJ=TP(K) 

10  CONTINUE 

WRITE (6*200) 

200  FORMAT ( 2Hl  ) 

60  TO  100 


300  RETURN 


SUBROUTINE  MULT ( A » D » R * Q * TP * M * KS » TG ) 

THIS  PROGRAM  CALCULATES  HEAT  TRANSFER  FROM  MULTIPLE  UNDERGROUND  PIPE 
M = NUMBER  OF  PIPES*  M IS  LESS  THAN  OR  EQUAL  TO  FIVE 
IN=  IF  ANY  ONE  OF  THESE  PIPES  IS  INSULATED  IN=1*  OTHERWISE  IN=0 
A(K)  = HORIZONTAL  DISTANCE  OF  KTH  PIPE  FROM  TH  E REFERENCE  LINE*  IN 
AIK)  : IF  TH  E FIRST  PIPE  IS  IN  THE  REFERENCE  POSITION  A(2)=0. 

A(K)  IS  THEN  THE  DISTANCE  BETWEEN  THE  FIRST  AND  KTH  PIPES 
D(K)  = DEPTH  OF  THE  GEOMETRICAL  CENTER  OF  THE  KTH  PIPE*  INCHES 
RIK)  = EXTERNAL  RADIUS  OF  THE  KTH  PIPE . IF  INSULATED  R(K)  SHOULD 
be  the  EXTERNAL  RADIUS  OF  THE  INSU  AT I ON*  INCHES 

ki(k)=  thermal  conductivity  of  the  pipe  insulation  btu/hr*ft**2/f/in 

TP(K)=  EXTERNAL  SURFACE  TEMPERATURE  OF  THE  KTH  PIPE  F 
TPF(K)=  INTERNAL  FLUIDS  TEMPERATURE  OF  THE  KTH  PIPE  F 
TH(K)=  THICKNESS  OF  THE  PIPE  INSULATION*  INCHES 
Q ( K ) = HEAT  TRANSFER  TO  AND  FROM  THE  KTH  PIPE  BTU/HR  *FT 
TG  = UNDISTURBED  AVERAGE  EARTH  TEMPERATURE*  F 
KS=  THERMAL  CONDUCTIVITY  OF  SOIL  BTU/HR » FT**2 » F/IN 
REAL  A ( 5 ) »R(5) »B(5) » K I ( 5) » TP ( 5 ) »TPFC5) *Q(5) »TH(5) *KS»PHI (5*5) »C(5) 
1*QP(5) *0(5) » PHS (5*5) »RES(5) »TQ(5) 

P1=4.*ATAN(1.) 

QP(K)=HEAT  TRANSFER  TO  AND  FROM  THE  KTH  PIPE  WHEN  THERE  ARE  NO 
NEIGHBORING  PIPES 

1 FORMAT(10F7.0) 

11  FORMAT (1 OF 10. 3) 

2 FORMAT (10 17) 

12  FORMATt 10110) 

19  READ (5*2)  Mr  IN 

IF(M.EQ.O)  GO  TO  25 
23  WRITE (6* 12 ) M* IN 

READ  (5*1)  ( A ( I ) * 1 = 1 * M) 

READ  (5*1)  (D(I)*I=1*M) 

READ  (5*1)  (R(I)»I=1*M) 

WRITE (6*11) ( A ( I ) *I=1*M) 

WRITE(6*11) (D( I) * I=1*M) 

WRITE (6*11) ( R ( I ) *I=1*M) 

READ (5*1)  KS*  TG 
WRITE ( 6 » 11 ) KS » TG 
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KS=KS/l2. 

DO  21  L=1pM 
A(L)=A(L)/12. 

R(L)=R(L)/12. 

21  Q(L)=U(I_)/12. 

DO  3 K = 1 p M 

DO  3 1=1 pM 
IF(I.EQ.K)  GO  TO  4 
AIK=(A(K)-A< I) )/R(K) 

D1K=(D(K)-D(I) )/R(K) 

EIK=(D(K)+D( I) )/R(K) 

PHI (I»K)=LOG( (AIK*AIK+EIK*EIK)/(AlK*AIK+OIK*DIK) J/4./PI/KS 

GO  10  3 

4 PHI (KpK)=L0G(2.*D(K)/R(K) )/2./PI/KS 
RES ( K ) =PHI ( K » K ) 

3 CONI INUE 
DO  26  1=1 i M 

26  *«KlTE(6rll)  (PHI(IpK)  pK=1pM) 

IF( In.Ew.O)  GO  TO  15 
READ  ( 5 p 1 ) (TPF( 1 > p I = 1»M) 

MRXTE(6»11) (TPF(I) pI=1pM) 

READ  <5#1)  (TH(I) p I=1pM) 

WRITE ( 6 p 1 1 ) (TH( I ) p I=1pM) 

READ  ( 5 » 1 ) ( K I < X ) » I ~ 1 » M ) 

WRITE(6«11)  (KX(1)pI=1pM) 

DO  22  L=1pM 
KI (L)=KI (L)/12. 

22  TH(L)=TH(L)/12. 

IF  THE  KTH  PIPE  IS  NOT  INSULATED  WHEN  IN=1  p KI(K)=KS 

DO  5 K = 1 p M 

X=  LOG(R(K)/(R(K)-TH(K) ) )/KI (K) 

5 C(K)=1./X*2.*PI 
WRITE(6p 11) (C(K) » K = 1 p M ) 

DO  7 K=1pM 

B ( K ) — T G 
DO  7 1=1 pM 

7 8 ( K ) =8 ( K ) +C ( I ) *PHI ( I p K ) *TPF ( I ) 

DO  24  K = 1 p M 

DO  8 1 = 1 pM 
IF(I.EQ.K)  GO  TO  9 
PHS ( 1 p K ) =C ( I ) *PHI (IpK) 

GO  TO  a 

9 PHS(KpK)=(1.+C(K)*PHI(KpK) ) 

8 CONTINUE 
24  CONTINUE 

CALL  TRANS(PHSpPHIpM) 

CALL  SOLVE(PHIpBpTPpM) 

WRITE(6p1I) (TP(I) pI=1pM) 

DO  10  K = 1pM 

10  QIK)=C(K)*(TPF(K)-TP(K) ) 

GO  TO  17 

15  READ ( 5 p 1 ) ( TP ( I ) p I = 1pM) 

WRITE(6p 11) ( TP ( I ) p 1 = 1 p M) 

DO  16  K=1pM 

16  T0(K)=TP(K)-TG 

CALL  TRANS(PHl pPHSpM) 

CALL  SOLVE (PhSpTOpQpM) 

17  WRIT£(6p11) (Q(I)pI=1pM) 

DO  18  K=1pM 

resa=o • 

IF ( IN*  NE • 0 ) RESX=1./C(K) 

RES(K)=RES(K)+RESX 
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IF(IN.NE.O)  OP (K ) s ( TPF { K ) “TG) /RES (K ) 
IF(IN.EO.O)  QP(K  )-TW( K)/Rt SI K) 

18  CONTINUE 

WRITE (6* 11) (GP(I) »I=1»M) 

25  RETURN 
ENO 

OIT  FOR  TRANS» TRANS 

SUBROUTINE  TRANS(  At  TA»N) 

DIMENSION  A(5»5) *TA(5*5> 

DO  1 I=1»N 

DO  1 J=1»N 
1 TA(I*J)=A(J»I) 

RETURN 

END 

QN  XQT  PIPLOT 

»42«  -66.  7.5  7.5 

.5  • 5 5.  10o 


101 

2 

61 

0. 

120. 

72. 

72. 

12. 

12. 

5.0 

66. 

42. 

57  a 

Q XOT  CUR 
ERS 

INF  PR1NTR 
U XOT  PRINTR 
Q XUT  CUR 
ERS 

INF  SC4020 
y XOT  SC4020 
0 EOF 

y fin 
y fin 
y fin 
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oooooooooooonoooooo 


OR  Rlihi  KUSUOA, 24100 ,1,75 

i5Tt  for  vent, VENT! 


Tb 
TO 
TA 

D 

NS 
ZKS 
DCON 
ZKCON 
THCON 
ZL 
CFM 
NS 

TS ( J) , J=1,NS 
DS( J) , J=1 »NS 
THS(J) » J=1»NS 
ZK( J) , J=1»NS 


FT**2 » F/IN 


BTU/HR,  FT**?,  F/IN 


THIS  ROUTINE  CALCULATES  THE  AIR  TEMPERATURE  WITHIN  THE  VENTED  UNDERGROUND 
CONDUIT • 

= EARTH  TEMPERATURE,  F 
= OUTDOOR  AIR  TEMPERATURE,  F 
= CONDUIT  AIR  TEMPERATURE,  F 
= DEPTH  OF  THE  CONDUIT,  FT 
= NUMBER  OF  PIPES  IN  THE  CONDUIT 
= THERMAL  CONDUCTIVITY  OF  SOIL,  BTU/HR, 

= DIAMETER  OF  THE  CONDUIT  (INSIDE),  IN. 

= THERMAL  CONDUCTIVITY  OF  THE  CONDUIT  WALL, 

= THICKNESS  OF  The  CONDUIT  WALL,  IN. 

= LENGTH  OF  THE  CONDUIT  BETWEEN  THE  TWO  CONSECUTIVE  VENT  HOLES 
= VENTILATION  AIR  FLOW  CFM 
= NUMBER  OF  PIPES  IN  THE  CONDUIT 

TEMPERATURE  WITHIN  THE  PIPES  IN  THE  CONDUIT,  F 
OUTSIDE  DIAMETER  OF  THE  PIPES  IN  THE  CONDUIT,  IN 
INSULATION  THICKNESS  AROUND  THE  PIPE  IN  THE  CONDUIT,  IN 
THERMAL  CONDUCTIVITY  OF  THE  PIPE  INSULATION 
BTU/HR,  FT  **2 , F/IN 

DIMENSION  VS(10) ,TS(10) ,DS(10) ,THS(10) , ZK(10) 

PI-4.*ATAN(1.) 

FORMAT ( 10F7 • 0 ) 

FORMAT (1017) 

NVENT  = MECHANICAL  VENTILATION 
READ (5, 2)  NS, NVENT 
WRITE ( 6 , 50 ) NS, NVENT 
FORMAT(4H0NS=I10»7H  NVENT=I10) 

DO  3 J=1,NS 

READ (5, 1)  DS ( J) , THS ( J) »ZK(J) ,TS(J) 

WRITE (6, 53)  J, DS ( J) , J»THS(J) , J, ZK ( J) , J, TS ( J) 

FORMAT( »0DS( »I2, * )=*F10.3, » , THS ( * 12 » ♦ ) = * F10 . 3 »»>  ZK ( * 12 , » ) = ♦ FI 
10 • 3, ♦ , TS( * 12, » > = *F10.3) 

READ (5,1)  ZL,D,TG, TO, ZKS, DCON, ZKCON, THCON, CFM 

51  FORMAT (120H0  ZL  D TG  TD  ZKS 

1DCON  ZKCON  THCON  CFM  ) 

WRITE ( 6 , 51 ) 

WRITE (6, 52)  ZL,D,TG, TO, ZKS, DCON, ZKCON, THCON, CFM 

52  FORMAT(10F10.2) 

DO  54  J=1,NS 
DS(J)=DS(J)/12. 

THS( J)=THS( J)/12. 

54  ZK( J)=ZK ( J)/12. 

ZKS=ZKS/12. 

ZKC0N=ZKC0N/12. 

DC0N=DC0N/12. 

THC0N=THC0N/12. 

RA  = 1. 

DO  5 J=1,NS 
IF ( THS ( J ) ) 6,6,7 
7 R1=DS(J)*0.5 
R2=R1+THS( J) 

R=RA+R2*L0G ( R2/R1 ) /ZK ( J) 

GO  TO  5 


50 


3 

53 


6 R-RA 

5 VS(J)=1./R 
SUMC=DCON 
SUM=DCON*DCON 
DO  8 J=1,NS 
SUMC=SUMC+DS( J) 

« SUM=SUM-DS( J) *DS( J) 
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AC=PI*SUM/4. 

PC=PI*SUMC 

0C=4.*AC/PC 

RCl=DC0N/2. 

RC2=KC1+THC0N 

RC=RA/RC1+L0G ( RC2/RC1 ) /ZKCON+LOG (D/RC2*  SORT ( D*D/RC2/RC2+1 ) ) /ZKS 

ZKK=2.*PI/RC 

SUM=ZKK 

sumt=zkk*tg 

DO  13  J=1»NS 

Q=PI*(DS( J)+2.*THS<J) )*VS(J) 

SUM-SUM+Q 

13  SUMT -SUMT +Q*TS ( J ) 

SUM1=SUM 

SUMT1=SUMT 

CK=2. 

IF(NVENT)  16»  33» 16 

33  IF(CFM)  15»15»16 

16  SUMT=SUmT+1.08*CFM*TO/ZL 
SUM=SUM+1 . 08*CFM/ZL 
TA=SUMT/SUM 

GO  TO  23 
lb  TAl=TO 
JT-1 

SUMT=SUMT1 
SUM-SUM 1 

19  RHO=0. 075*535. /(460.+TA1) 

VIS=VISC0(TA1) 

Bl=64.*VIS/DC/4QO5./40O5./O.O75*RHO*6O./DC*ZL 
B2=CK*RHO/0. 075/4005. /4005. 

R3=0. 52*14. 7*D*(l./( 460. +TO)-l./( 460. +TA1 > ) 

B=B1/B2 

C=B3/B2 

V=0.5*(-B+SQRT(B*8+4.*C) ) 

WK ITE ( 6 » 32 ) V » CK 

32  FORMAT ( * OAIR  VELOCITY  WITHIN  THE  CONDUIT  IS»F10.3» »CK=*F10.5) 
G=RHO*V*AC*60. 

SUMT=SUMT+G*0 . 24*T0/ZL 
SUM=SUM+G*0 • 24/ZL 
TA=SUMT/SUM 
GO  TO  ( 17 » 18 ) » JT 

17  DT1=TA1“TA 
TA1-TA1+1 . 

JT=2 

GO  TO  19 

18  DT2=TA1"TA 

IF (DT1*DT2)  22  » 20  » 21 

21  DT1=DT2 
TA1=TA1+1. 

JT=2 

GO  TO  19 

22  AB=ABS ( DT2/DT l ) 

TA=( TA1+1.+TA1*AB) /(l.+AB) 

GO  TO  23 

20  IF(UTl)  24 » 25 » 24 
25  TA=TA1 

GO  TO  23 
24  TA=TA1+1. 

23  WR I TE ( 6 » 31 ) TA 

31  FORMAT ( ’OCONDUIT  AIR  TEMPERATURE  IS»F10.3) 

IF(TA-200.)  34 1 34 1 35 

34  IF ( CK-50 . ) 36 » 36 » 35 
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56  CK=CK+1 


GO  TO  15 
35  STOP 
END 

BIT  FOR  VIS»VIS 

FUNCTION  VISCO(T) 

RH080=0.0735 
VIS80=1.241E-5 
RHO=RH080*540 . / ( T+460 • ) 

TT=(T-32. )/l. 8+273. 16 

B=110.4  ! 

VIS=VIS80*( (TT/300. )**1.5)*410.l/(110.4+TT) 

VISCO=VlS/RHO 

RETURN 

END 


«N  XOT  VENT 
2 


8.625 

3 • 

0.35 

250. 

3.5 

210. 

100. 

6. 

75. 
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20. 

0.5 
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0 FIN 
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Appendix  B 


Transient  Heat  Conduction  From  Multiple  Pipe  Systems 

More  general  treatment  of  heat  transfer  including  the  transient 
effect  for  the  multiple  underground  pipe  system  will  be  given  in  this 
section. 

10/ 

According  to  Cars  law  and  Jaeger — , the  general  expression  of  earth 
temperature  around  a pipe  in  appropriate  unit  is 


where  Q : 


k : 
s 

2 . 
r 


a : 

t : 


strength  (or  the  heat  transfer  per  unit  length  of 

the  pipe)  of  the  heat  source  or  sink 

thermal  conductivity  of  earth  around  the  pipe 

(x  " xk)2  + (y  + yk)2 

(x  - x^2  + (y  - yk)2 

thermal  diffusivity  of  the  earth 

time  elapsed  since  the  activation  of  the  underground  pipe 


in  the  above  expression  is  an  exponential  integral  representing  the 
following  relationship 


where  u is  a dummy  integration  variable.  When  the  value  of 


C A -2.) 


_r_v 

U-*tt 
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is  relatively  small  or  when  the  value  of  t is  large 


(a-3; 

where  y = 0.5772,  the  Euler  constant. 

As  seen  from  this  expression  as  the  value  of  t further  increases 


(A-4J 


Substituting  (A -4)  into  equation  (A-l),  it  is  evident  that 


T„-  Tft  = 


_Q_ 

4TT-f?, 


Ca  -S') 


which  is  the  steady  state  heat  transfer  equation  used  in  the  main  text 
of  this  report. 

As  in  the  case  of  the  steady  state  heat  transfer  situation,  the 
superposition  principle  can  be  used  to  calculate  the  earth  temperature 
influenced  by  the  multitude  of  the  underground  pipes  as  follows: 


where  is  the  strength  of  the  k-th  pipe  and  r^  and  r^  are  distance 
parameters  similar  to  those  shown  in  (A-l). 
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Using  equation  (A-6)  the  average  temperature  around  the  j-th  pipe 
of  the  m pipe  system  may  be  approximated  by  the  following  equation: 


where  rjj,>  rjk*  an(*  are  graphically  in  Figure  1-B  . 

By  denoting  the  terms  in  the  bracket  of  the  above  equation  by 

P and  assuming  that  the  average  pipe  wall  temperature  being  equal 
jk 

to  the  known  pipe  temperature  T . for  j-th  pipe,  the  heat  transfer 

P » J 

from  each  of  the  m pipes,  Q^,  Q2  > Q3  • • • Q j •••  and  can  be  obtained 
by  solving  the  following  simultaneous  equations: 


"Pi  | ' ' ' PiM 

VT* 

1 

Pa, 

T,.  - \ 

zf-rrfcj 

% 

1 

• 

<< 

% 

% 

PM, 

Tpm-  T4 
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(A-S) 


These  determinant  relationships  are  exactly  the  same  as  those  shown 
in  the  steady  heat  transfer  solutions  given  in  the  main  text.  The  only 


differences  are  that 


!•  in  lieu  of  r where  r represents  length  parameters 

such  as  pipe  radius,  depth  and  distance 
2.  function  in  lieu  of  In  or  natural  logarithmic  function 
is  used  for  the  transient  heat  transfer  solutions 

For  the  case  of  two  pipes  separated  by  distance  of  1,  with 
their  diameters,  depths,  and  temperatures  being  the  same,  the  heat 
transfer  from  one  of  the  pipes  can  be  obtained  as 


U-TV-fc,  (Tf-  T*) 

[F,  (A)  - EIMT (A,  D)+EINT (A,  L)-flNT (A,  L'j} 


where  EINT  is  the  integral  of  function  E^  in  the  following  form 


where  A,  D,  L,  and  L'  are  all  dimensionless  quantities  such  as 


(a-=i  ) 


a. 


and  a is  the  pipe  radius 


2I/3F 


and  d is  the  pipe  depth 


225 


L - 2 &jb 

L,=  /a  4^ 

V®T 


and  1 is  the  pipe  center  distance 


The  steady  state  heat  transfer  equation  for  the  two  pipe  system 
corresponding  to  the  case  above  will  be  then 


q.  IT  'ki  fTp-  T*) 


Figure  2B  shows  the  result  of  sample  calculations  that  utilize  the 
formulas  developed  above.  The  problem  analyzed  is  for 


a = 1 ft 

d = 6 ft 

1 = 4 ft 

2 

k = 10  Btu  in/hr,  ft  , F 
s 

oi  - 0.025  f t^ /hr 
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Plotted  in  this  figure  are  transient  as  well  as  steady  heat  trans- 
fer from  a pipe,  Q in  Btu/hr,  ft,  F,  for  a double  pipe  (dotted  curve) 
and  single  pipe  (solid  curve)  systems.  These  curves  show  that  the  heat 
transfer  will  be  extremely  high  immediately  after  the  pipes  are  acti- 
vated but  it  rapidly  decreases  to  a relatively  stable  value  at  around 
300  hours.  Then  even  after  900  hours  the  heat  transfer  values  are 
still  20  and  30  percent  higher  than  the  steady  state  values  (for  the 
double  and  single  pipe  systems  respectively).  Secondly,  the  heat  trans- 
fer of  a single  pipe  of  the  double  pipe  system  is  almost  identical 
during  the  first  100  hour  period  as  that  of  the  single  pipe  system. 

It,  however,  becomes  eventually  lower  than  the  single  pipe  to  approxi- 
mately 85  percent  of  the  single  pipe  heat  transfer.  This  is  expected 
because  the  average  temperature  of  the  soil  surrounding  the  double 
pipe  chilled  water  system,  for  example,  will  be  lower  than  that 
surrounding  the  single  pipe  system.  This  effect  of  temperature 
disturbance  caused  by  the  existence  of  the  adjacent  pipe,  however, 
does  not  become  apparent,  at  least  in  this  example,  during  the  first 
100  hours.  It  is  also  evident  from  Figure  B2  that  it  takes  more  than 
a month  after  the  activation  of  an  underground  heat  distribution  system 
before  theoretical  steady  state  heat  transfer  condition  is  reached. 


In  order  to  permit  similar  type  analyses  for  many  other  piping 
systems,  the  computer  program  used  for  this  particular  calculation  is 
attached  at  the  end  of  this  section. 
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Computer  Program  for  Heat  Transfer  from  Double  Pipe  System 


(Transient  Case) 


X * 

Ki.AL 

<_  * 

1 

Fbpi«iA  1 ( x OF  7 • 3 ) 

2 

H'UkMA  l (hFcU  .3) 

H *■ 

4 

F u i-< tvi A i ( x i)i in  INF  In I 1 Y — 3f  20  • b ) 

D + 

b 

FUkwAIIaumI  T xMc3F  2t> . b ) 

«)* 

P A -4  . * A 1 Al4(  i . ) 

t * 

Pt.Au  l b * 1 J A # U » L # aLPHm  » K » 1 b 

O* 

1)  A * U » L.  » ALPFIM  » K » i G 

/-a. *f!*K*( 1 P-Tb ) / id • 

L u + 

Wp iTtlbrb) 

l X* 

i)0  b U=i»XI!U0#lu 

It:* 

r A i'-i  fc_  — FLuA  1 lb) 

U* 

Xbv,yp  | ( aLPMA*4.  + T1Mc) 

l a * 

Ax=  l A/  It:  . ) /A 

l b* 

i)ibl2.*u/i^.  )/X 

L o * 

Ll=L/i2./x  . . . . 

b 

1 / * 

LF-bWKT ( L+L+4 • *u*u ) / l2«/A 

i.  o* 

A/<;m  1 *Ai 

L ;>* 
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Fig.  1 SINGLE  PIPE  SYSTEM  (NOMENCLATURE) 
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MULTIPLE  PIPE  SYSTEM  (BARE  PIPES) 


Tf  = PIPE  TEMPERATURE 

Tq  = EARTH  TEMPERATURE  , °F 

Ks  = THERMAL  CONDUCTIVITY  OF  EARTH 
BTU/HR,  FT2,  °F/IN 


kj  = THERMAL  CONDUCTIVITY  OF  PIPE  INSULATION 

BTU/HR,  FT2,  ®F  / ! N 


THREE”  PIPE  SYSTEM 


Fig.  4 MULTIPLE  PIPE  SYSTEM  (INSULATED  PIPES) 
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Fig,  5 SAMPLE  CALCULATION  FOR  MULTIPLE  PIPE  SYSTEM 
(INSULATED  PIPE  SYSTEM) 
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Fig.  6 PIPES  IN  A CONDUIT 
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Fig.  7 PIPE  IN  AN  INSULATED  TRENCH 


Fig.  8 PIPES  IN  AN  INSULATED  TRENCH 
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Fig.  9 THERMAL  DIFFUSIVITY  VERSUS  MOISTURE  CONTENT  FOR 
SEVERAL  SOILS 
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Fig.  10  GRID  DESIGN  FOR  A FINITE  DIFFERENCE  SOLUTION  OF 
THE  HEAT  CONDUCTION  EQUATION 
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Figure  12  Temperature  zone  indices 


CD  CD 
GO  <D 
CD  (S 
CD  CD 
CO  IS 
CO  CO 
CD  CD 
CO  CD 
CO  CD 
CD  <D 
CD  CD 
CD  CD 
CD  CD 
CD  <S 
CD  CO 

cd  ® 
a a 
CD  <9 
CO  CO 
ID  CD 
CD  CD 
CD  CD 
CD  CD 
CD  CD 
<D  <D 
CD  CO 
CD  CD 
CD  CD 
(X  CD 
CD  CD 
CD  CO 
CD  CO 
CO  OC 
CD  CD 
CD  CD 
CD  ® 
CD  CD 
CD  CD 
CD  CD 
CD  CD 
CD  IS 
CO  <D 
CD  CD 
GO  CD 
CD  CO 
CO  CO 
CD  CD 
CO  CD 
CD  CD 
CD  ID 
CD  CO 
CD  CD 
ID  <D 
CD  CD 
CD  CD 
CD 
CD 


CD 

CD  <D 
cr  a) 
a cr 

CD  CD 

<r  a 

CO  CD 

cc  cr 
CD  co 
CD  CO 
CD  IS 
a cr 
CD  CO 
CD  ® 
cr  cs 

CO  CD 

co  cr 

CD  CD 
cd  cr 
CD  00 
CD  CD 
CD  CD 
cr  cd 

CD  cr 
CD  CD 
CD  CO 
CD  CD 
ID  CC 
CC  CC 

<d  «r 
cr  <d 
cc  cc 
CD  CD 
CD  CD 
cr  cc 
cc  cc 
co  cc 
cc  ex 

CD  IS 

<r  cd 

CD  CD 

cc  cc 
<d  cr 
cc  cr 
cc  cc 
cr  <r 
CD  CD 

cd  cr 
co  <r 

CC  CD 
cr  cd 
9 cr 

CD  CD 

co  cr 


CC  CD 

CD  <0  CD 
CD  CD  CD 
CD  CD  CD 

CD  O CD 
CD  CC  CD 
oo  CD  CD 

CD  CC  CO 

CD  ® 
cO  CC 


•S3  CD 
CD  CD 
CD  CD 
CD  CO 
CD  <D 
CO  ID 
® CD 

co  IS 

CO  CD 

CD  CD 
CD  9 
CD  CD 

« cc 

CC  CD 
CD  CD 
CD  ID 

« a 

CO  CD 
ao  co 
CD  CD 
cr  cd 

CD  CD 
CD  ao 
co  ao 
CD  CD 
CO  GO 
CD  CO 
i ao  cd 

I <D  CO 

to  ao 
I GO  CD 
i <20  CD 
CC  CO 
CD  CC 
CD  CC 
cd  ao 
co  cs 
<r  cd 
cd  cr 
to  ® 
ao 
CD 


CO  CD 
CD  00 
CD  CD 
CO  ID 
•S  CD 
CD  CO 
CD  CD 
GO  ID 

ao  co 

CD  CO 
CD  « 
CO  CD 
a cd 
go  CD 
CD  IS 
CD  CD 

a a 

CD  CO 
CD  CO 

cd  ao 
CD  IS 
co  cc 
cs  ao 
cs  ® 
ao  ao 

CD  CO 
CO  IS 
CD  <S 
cr  ao 
CD  CD 
CD  CD 
ao 


9 <0 

■o  o 
-O  9 
o 9 
9 9 

«fl  <0 

9 o 

9 o 

o o 

9 9 
9 >0 
9 9 
~o  9 

o o 
< <c 
9 o 


■40  9 
9 9 

O O 

o o 


9 9 
o o 
9 9 
9 -o 


0 9 0 

0-0  0 
O -0  o 

< < < 

<0  0 0-0 

O O 9 9 

o o o o 
o o o o o 

o o <o  o <o 

o o o o o 

o o o 

o o 


9 O 

o o 
o o 
o o 
o o 

O 9 
9 O 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
< 9 
9 9 
9 9 
9 9 
9 9 
9 9 
O 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 

9 

9 9 
9 9 
9 9 
9 9 
O O 


9 9 9 0 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 0 9 

0 9 9 9 0 

o o o o o 

0 0 9 0 0 

9 0 0 0 0 

< 9 9 0 9 

o o o o o 

o o o o o 

o o o o o 

9 0 9 9 9 

0 9 9 9 0 

0 9 0 0 0 

9 0 0 0 0 

9 0 0 0 9 

9 9 9 0 9 

9 9 9 9 9 

9 9 9 0 9 

9 9 9 9 0 

0 0 9 0 

9 0 9 0 

0 0 9 0 

9 9 9 9 

9 9 0 9 

9 0 9 0 

9 0 0 

O O 


X X 

r x 
3 t 
3 3 
9 3 


9-  9-  9-  9-  9 
9-  9-  9-  9 9 


3 3 9 3 T 

3 T 9-  9 9 

9-  9-  3 3 

9 ' X 


O O 
o o 
o o 
o o 
o o 


o o 
o o 
o o 
o o 
o o 
o c 
© © 
o o 
o o 
o o 
o o 


o o o 
o o o 
coo 
o o © 
o o o 
o o o 
o o © 
a o o 
o o o 
© o o 
©CO 
o o o 
o o o 


o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
a o 
o c 
o c 


N N N 
M N N N 
IN  IN  IN  IN 
IN  CM  IN 
IN  IN 


o o ■ 

O O l 
O O I 

o o 


IN  IN 
IS  M 

in  rsi 

IN  IN  «N 
IN  «N  IN  «N 
IN  fs*  IN  IN 
I IN  IN  IN 


» r » r 
T » » 7 » 


® ® 

® CD 
cc  cr  cc 
<r  <r  r 
cd  ® co 

cr  a;  cd 
C cr  co 

a-  cc  a 
sac 

co  a cc 
a cr  cc 


r r » r 


x x x x x 

9999 


99999 


9999 

99999 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 7 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 9 

9 9 9 9 


9 9 
T 9 
9 9 
9 9 
9 9 
T 9 
9 9 . 
9 9 
9 9 
7 9 
9 9 
9 9 
9 9 


9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
3 9 


9 9 9 9 


9 9 9 9 


9 9 
9 9 
9 3 
9 9 
9 9 
9 9 
9 9 
9 9 
T 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 


9 9 9 9 9 9 
9 9 9 9 9 9 
9 9 9 9 9 9 
9 9 9 9 9 9 
9 9 9 3 9 9 
9 9 9 9 9 9 
9 9 9 9 9 9 
9 9 9 9 T 9 
9 9 9 9 9 9 


9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 3 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
3 9 9 
9 9 9 
9 9 9 


CD 

CD 

cr  cc 
cr  <d 
cr  cd 

to  cc 

or  go 

CC  CD 

cr  a 

to  CD 


cc  to  to 
cd  to  co 

CD  CD  CD 

cd  cr 
cr  ® 
to  c 
® ® 
to  <0 

CD  ® 
to  IO 
to  (O 
to  <0 
to  CD 
to  ® 
® ® 
to  CO 
C CD 

to  cc 
cc  ® 
® cr 
to  to 
cr  ® 
cc  ® 

CE  ® 
CC  CD 
« CS. 
CD  ® 
® tt 
a co 
cc  ® 


CO  ® 
CD  CC 
CD  tD 

to  to 
cd  a 

® CD 
tD  CO 
to  CO 
tD  <D 
CD  <X> 

ao  cd 
to  ® 
to  to 
to  to 
w ® 

® CD 
® IO 
to  CD 
® a 
® <0 
CD  <0 

® CD 

to  © 

CD  tO 
to  CO 
CD  CD 

to  ® 

CD  ® 
CD  O) 
CO  to 

to  CC 


9 9 
9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
0 9 9 
0 9 9 
9 9 9 
9 9 
9 9 
9 9 
9 9 


9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
O 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 < 
9 9 
9 9 
9 9 
9 9 
9 O 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 


9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 O 
O 9 
9 9 
9 9 
9 9 
9 9 
9 9 
O 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
< 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 


9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 9 
9 0 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 0 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 

9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 

9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 0 9 
0 0 9 0 

9 0 0 0 
9 9 9 9 
9 9 9 9 
9 9 9 9 


T T 3 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 


9 9 9 
9 9 9 
9 9 3 
9 9 9 
9 9 9 
9 9 9 
3 9 9 
9 9 9 
9 3 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 3 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 3 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
3 9 9 
9 3 9 
3 9 3 
3 9 3 
3 9 9 
3 3 3 
3 3 9 
9 3 3 
9 3 3 
9 3 9 
9 3 3 
9 3 3 
9 3 3 
3 9 3 
3 3 3 
9 9 9 
9 3 3 
9 3 9 
9 3 3 
9 3 3 
9 9 3 


3 3 3 
3 3 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 3 
9 9 9 
9 9 9 
9 9 9 
3 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 


9 9 9 
9 9 9 
9 9 9 
9 9 9 
3 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 9 
9 9 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 


3 3 
3 T 
3 3 
T 3 
3 3 
T 3 
3 3 
3 3 
T T 
3 T 
3 3 

r 3 

9 3 
3 3 
3 3 


T 3 
3 3 
3 9 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
9 3 
3 3 
3 9 
3 9 
3 3 
9 3 
3 9 
3 3 
3 3 
3 3 
9 3 
9 3 


3 3 
9 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
9 3 
9 9 
3 3 
3 3 
3 3 
3 9 
3 3 
3 3 
3 3 
3 3 
3 3 
9 3 
3 a 
X X 
X X 
X X 
X X 
X X 
X X 


9 9 
3 9 
7 9 
3 9 
3 3 
T 3 
9 3 
3 3 
9 3 
T 9 
9 T 
9 9 
9 9 
9 9 
9 9 
3 X 
X 9 
3 3 


3 3 3 3 
9 3 9 9 
3 9 3 3 
3 9 9 3 
3 9 3 3 


3 9 3 9 
3 3 9 9 
3 9 9 9 
3 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 


9 9 3 9 9 9 
T 3 9 3 9 9 
3 9 9 9 3 9 
9 3 3 3 3 3 
3 3 3 3 3 3 


3 3 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 


X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
3 3 
3 3 
3 3 
X X 
X 3 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X 9 
9 3 
3 3 
3 3 
7 3 
X X 
X X 
X X 
X X 
X 3 


3 3 3 3 


3 3 3 3 

3 X «X  3 


3 3 3 


3 3 3 3 


XXX  7 


3 3 3 3 
3 3 9 3 
3 9 9 3 


3 3 3 3 


3 3 3 3 


9 3 3 3 
3 3 3 3 


3 3 3 3 


9 3 3 3 


3 3 3 3 
3 3 3 3 
9 3 3 3 
3 3 3 3 


3 3 3 3 

X X X X 

X X X X X X 

3 3 3 3 3 3 

3 3 3 3 3 3 


3 9 3 3 XX 

3 3 3 3 3 3 

3 3 9 3 3 3 

3 3 3 3 3 3 

3 9 

9 3 

3 3 3 3 3 9 

3 3 3 9 XX 


3 9 3 3 

X X X X 


X X 
3 9 

3 3 


X X X X X 

33333 

3 3 3 3 3 

3 3 3 3 3 

3 3 3 3 3 

3 3 3 3 3 


3 3 3 3 


3 3 3 3 


3 9 9 3 3 3 3 


9 3 3 
3 3 3 
9 3 3 

3 3 3 
3 3 3 
3 3 3 
3 9 3 
3 3 3 
3 3 9 
9 3 3 

XXX 
XXX 
XXX 
3 9 3 
3 3 7 

XXX 
XXX 
XXX 
XXX 
XXX 
XXX 
XXX 
3 3 3 


3 3 
3 3 
3 3 
3 X 
X X 
X X 
X X 
X X 
X X 
X X 
X 3 
3 3 
3 7 
X X 
X X 
X X 
X X 


3 3 3 3 3 3 
3 3 3 3 3 3 
3 9 3 3 3 3 


9 3 3 7 XX 
3 3 7 3 3 3 
7 7 7 7 T 7 
7 7 7 7 7 7 
7 7 7 3 7 X 


7 3 7 7 


X X X X X 


7 3 — 


o 

o\ 


* 

Ut 

o 

o 

00 

II 

00 

u« 

o 

o 

II 

vD 

lu 

o 

vO 

II 

U4 

o 

O 

LTl 

II 

CN 

tu 

o 

O 

<t 

II 

O 


X 9 T X 


9 9 9 9 7 7 
XX  7 7 3 7 


X X X X 


Figure  13  Temperature  zone  indices: 
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Figure  14  Temperature  zone  indices:  0-40  °F 
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TRANSIENT  HEAT  GAIN  TO  THE  UNDERGROUND  CHILLED 
WATER  PIPE 


CASE 

Q 

ks 

Qj 

q2 

i 

5' 

! 0 

- 50.79 

0.565 

2 

CO 

1 0 

- 50.57 

- 16.96 

3 

4' 

1 o 

- 53.21 

5.687 

4 

4 

5 

- 26  60 

2.84  3 

5 

CO 

5 

- 25.29 

- 9.48 

6 

iO 

5 

- 24.37 

-5.11 

Fig,  17  SAMPLE  DOUBLE  PIPE  PROBLEM 


TEMPERATURE  CONTOURS  FOR  UNDERGROUND  PIPES 


Fig.  18  TEMPERATURE  PROFILE  AROUND  THE  CHILLED  WATER  PIPES 


ks  = 5 


TEMPERATURE  CONTOURS  FOR  UNDERGROUND  PIPES 


Fig,  19  TEMPERATURE  PROFILE  AROUND  THE  CHILLED  WATER  PIPES 


TEMPERATURE  CONTOURS  FOR  UNDERGROUND  PiPES 

Fig.  20  THREE  DIMENSIONAL  REPRESENTATION  OF  THE  ISOTHERMS 
AROUND  UNDERGROUND  PIPES 


Fig.  21 


C • LOSS  COEFFICIENT 

TEMPERATURE  WITHIN  A VENTED  UNDERGROUND  CONDUIT 


INTERACTION  OF  TWO  PIPES,  j ank  k 


MIRROR  IMAGE 
OF  (Xj  — yj ) 


rjk2=(xfxk)2  ♦ (*j  'V* + °j2 ' 2aj  l/(Xj-V2 + (yj  -yk)2  cos 
rjl(2  =(x,-xk)2  + (yj  +yk)2+0j2-20jUxj-Xk)2+(yj+yK)2  cos  <#>j 


Fig,  1-B 


GROUND  SURFACE 


TIME  (hrs) 
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